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AS  PRINTED  IN  PART  I 


The  very  favorable  reception  accorded  the  previous  editions  of  this  work  in 
America  suggested  the  desirability  of  making  the  present  (fourth)  edition  interna- 
tional in  its  character,  by  placing  it  largely  in  the  hands  of  an  American  editor  and 
by  securing  the  services  of  American  Anatomists  in  the  revision  or  rewriting  of 
certain  of  the  sections. 

The  entire  work  has  undergone  a  complete  revision,  and  some  sections  have 
been  entirely  rewritten  and,  in  several  instances,  considerably  enlarged;  the  text 
has  been  brought  thoroughly  up  to  date  by  the  inclusion  of  the  results  of  recent 
investigations,  and  represents,  accurately,  the  present  state  of  Anatomy.  Many 
illustrations  which  appeared  in  previous  editions  have  been  omitted,  a  large  number 
of  new  figures  have  been  made  from  specially  prepared  drawings,  and  pictures  from 
other  books  have  been  included  where  they  served  the  desired  purpose. 

Special  attention  should  be  directed  to  the  use  throughout  the  volume  of  the 
nomenclature  adopted  by  the  German  Anatomical  Society  and  generally  known 
as  the  Basle  nomenclature,  or  BNA.  In  employing  this  nomenclature  the  editors 
have  been  guided  by  a  desire  to  assist  in  the  unification  of  anatomical  terminology, 
seeing  in  such  unification  an  earnest  of  the  thorough  internationalization  of  the 
science  of  anatomy  and  more  rapid  progress  in  its  development.  The  modifica- 
tions of  the  accepted  English  nomenclature  necessitated  by  the  adoption  of  the 
BNA  are  comparatively  few,  and  where  they  are  radical,  the  more  familiar  terms 
have  been  added  in  parentheses.  Whilst  this  is  the  first  text-book  of  Anatomy  in 
English  to  adopt  the  BNA  in  its  entirety,  there  are  a  number  of  books  and  papers 
on  Embryology,  Histology,  and  Biology  in  which  it  is  used;  its  general  adoption 
in  the  future,  it  may  be  confidently  expected,  will  be  assured.  In  this  connection, 
reference  should  be  made  to  a  new  book  by  Prof.  Llewellys  F.  Barker,  of  Johns 
Hopkins  University,  in  which  a  complete  list  of  the  terms  used  in  the  BNA  is  given 
and  in  which  the  object,  system,  and  practicability  of  the  nomenclature  are  explained. 

Each  author  is  alone  responsible  for  the  subject-matter  of  the  article  following 
his  name.  Care  has  been  exercised  on  the  part  of  the  editors,  however,  to  make  the 
whole  uniform,  complete,  and  systematic. 
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THE  nervous  system  of  man,  both  anatomically  and  functionally,  is  the  most 
highly  developed  and  definitely  distributed  of  all  the  systems  of  the  body.  It 
consists  of  an  aggregation  of  peculiarly  differentiated  tissue-elements,  so  arranged 
that  through  them  stimuli  may  be  transmitted  from  and  to  all  the  other  tissue  systems. 
It  is  a  mechanism  with  parts  so  adjusted  that  stimuli  affecting  one  tissue  may  be 
conveyed,  modified,  and  distributed  to  other  tissues  so  that  the  appropriate  reac- 
tions result.  While  protoplasm  will  react  without  nerves,  while  muscle  will  con- 
tract without  the  mediation  of  nerves,  yet  the  nervous  system  is  of  the  most  vital 
importance  to  the  higher  organisms  in  that  the  stimuli  required  for  the  functioning 
of  the  organs  are  so  distributed  throughout  their  component  elements  that  the 
necessary  harmonious  and  coordinate  activities  are  produced.  For  this  purpose 
the  nervous  system  permeates  every  organ  of  the  body,  the  nerves  dividing  into 
smaller  and  smaller  branches  till  the  division  attains  the  individual  nerve-fibres  of 
which  the  nerves  are  composed,  and  even  the  fibres  bifurcate  repeatedly  before  their 
final  termination  upon  their  allotted  elements.  So  intimate  and  extensive  is  the  dis- 
tribution throughout  that  could  all  the  other  tissues  of  the  body  be  dissolved  away, 
still  there  would  be  left  in  gossamer  its  form  and  proportions — a  phantom  of  the 
body  composed  entirely  of  nerves. 

The  parent  portion  or  axis  of  the  system  extends  along  the  dorsal  mid-line  of 
the  body,  surrounded  by  bone  and,  in  addition,  protected  and  supported  by  a  series 
of  especially  constructed  membranes  or  meninges,  the  outermost  of  which  is  the 
strongest.  The  cephalic  end  of  the  axis,  the  encephalon,  is  remarkably  enlarged  in 
man,  and  is  enclosed  within  the  largest  portion  of  the  bony  cavity,  the  cranium, 
while  the  remainder  of  the  central  axis,  the  spinal  cord,  continues  through  the  for- 
amen magnum  and  lies  in  the  spinal  canal. 

The  intimate  connection  of  the  axis  with  all  the  parts  of  the  body  is  attained 
by  means  of  forty-three  pairs  of  nerves,  which  are  attached  to  the  axis  at  somewhat 
regular  intervals  along  its  extent.  They  course  from  their  segments  of  attachment 
through  the  meninges  and  through  their  respective  foramina  in  the  bony  cavity  to 
the  periphery.  Of  these  cerebro-spinal  nerves  twelve  pairs  are  attached  to  the 
encephalon,  and  thirty-one  pairs  to  the  spinal  cord.  Most  of  them  contain  both 
afferent  fibres,  or  fibres  which  convey  impulses  from  the  peripheral  tissues  to  the 
axis,  and  efferent  fibres,  or  fibres  which  convey  impulses  from  the  axis  to  the 
peripheral  tissues.  All  the  thirty-one  pairs  of  spinal  nerves  possess  fibres  of  both 
types,  though  in  varying  proportions. 

Upon  approaching  the  spinal  cord,  each  spinal  nerve  is  separated  into  two  roots — 
its  dorsal  root  and  its  ventral  root.  The  afferent  fibres  enter  the  axis  by  way  of 
the  dorsal  roots,  which  are,  therefore,  the  sensory  roots,  and  the  efferent  fibres  leave 
the  axis  by  way  of  the  ventral  or  motor  roots. 
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Fig.  554. — Showing  the  Ventral  Aspect  of  the  Central  Nervous  System,  with  the  Proxi- 
mal Portions  of  the  Cerebro-spinal  Nerves  attached  and  the  Relation  of  the  Prox- 
imal Portion  (Gangliated  Cord)  of  the  Sympathetic  Nervous  System.  The  En- 
cephalon  or  Brain  is  Straightened  Dorsalwards  from  its  more  Horizontal  Position 
with  Reference  to  the  Spinal  Cord. 

(Composite  drawing  in  part  after  Allen  Thompson  from  Rauber — modified. ) 
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As  usually  studied,  the  nervous  system  is  referred  to  in  two  main  divisions : — 

(1)  The  central  nervous  system,  composed  of — (a)  The  spinal  cord,  or  medulla 
spinalis,  and  (b)  the  brain  or  encephalon. 

(2)  The  peripheral  nervous  system,  composed  of — (a)  The  cerebro-spinal  nerves, 
and  (b)  the  sympathetic  nervous  system. 

All  these  parts  are  so  intimately  connected  with  each  other  that  the  division  is 
purely  arbitrary.  The  cerebro-spinal  nerves  are  anatomically  continuous  with  the 
central  system;  their  component  fibres  either  arise  within  or  terminate  within  the 
confines  of  the  central  system,  and  thus  actually  contribute  to  its  bulk.  The  sym- 
pathetic system,  however,  may  be  more  nearly  considered  as  having  a  domain  of  its 
own.  It  is  intimately  associated  with  the  cerebro-spinal  nerves  and  thus  with  the 
central  system,  both  receiving  impulses  from  the  central  system  and  transmitting 

Fig.  555. — Showing  Some  of  the  Varieties  of  the  Cell-bodies  of  the  Neurones  of  the 

Human  Nervous  System. 

A.  From  spinal  ganglion.  B.  From  ventral  horn  of  spinal  cord.  C.  Pyramidal  cell  from  cere- 
bral cortex.  D.  Purkinje  cell  from  cerebellar  cortex.  E.  Golgi  cell  of  type  II  from  spinal 
cord.  E.  Fusiform  cell  from  cerebral  cortex.  G.  Sympathetic,  a,  axone;  d,  dendrites;  c, 
collateral  branches;  ad,  apical  dendrites;  bd,  basal  dendrites;  cc,  central  process;  p, 
peripheral  process. 


impulses  which  enter  it,  but,  while  its  activities  are  largely  under  the  control  of  the 
central  system,  it  is  possible  that  impulses  may  arise  in  the  domain  of  the  sym- 
pathetic system  and,  mediated  by  its  nerves,  produce  reactions  in  the  tissues  it  sup- 
plies without  involving  the  central  system  at  all.  For  this  reason,  as  well  as  because 
of  the  structural  peculiarities  of  the  sympathetic  system,  the  nervous  system  is 
sometimes  divided  into— (1)  the  cerebro-spinal  system,  consisting  of  (a)  the  central 
systern  and  (6)  the  cerebro-spinal  nerves;  (2)  the  sympathetic  nervous  system, 
consisting  of  its  various  ganglia  and  plexuses. 

The  nervous  system  consists  of  its  peculiarly  differentiated  cell-elements,  held 
in  place  by  two  forms  of  supporting  tissue  and  accompanied  by  an  abundant  supply 
of  blood-vessels. 

The  nervous  cell-element  or  the  functional  and  structural  unit  of  the  system  is 
called  the  neurone.    The  neurone  is  distinguished  from  all  other  units  of  structure 
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in  the  body  in  that  it  gives  off  outgrowths  or  processes  of  relatively  great  length 
and  characteristic  structure.  The  neurone  may  be  defined  as  a  nerve-cell  with 
all  its  processes,  however  numerous  and  far-reaching.  As  a  class  of  tissue-elements, 
all  neurones  possess  characteristics  which  distinguish  them  from  other  tissue-elements, 
but  within  this  class  they  vary  greatly.  They  vary  both  according  to  function  and 
according  to  their  locality  in  the  nervous  system.  Fig.  555  gives  illustrations  of 
the  external  form  of  a  few  of  the  types  found  in  the  human  nervous  system  in 
the  localities  stated. 

The  cell-body  of  the  neurone  gives  off  two  types  of  processes: — (1)  The  den- 
dritic processes  or  dendrites.  These  serve  to  increase  the  absorbent  surface  of 
the  cell-body  for  purposes  of  nutrition  and  also  act  as  recipient  surfaces  for  impulses 
transmitted  to  the  neurone.  They  are,  therefore,  cellipetal  processes.  They  branch 
at  frequent  intervals  and  always  dichotomously  and  with  rapid  decrease  in 
diameter.  (2)  The  axone  or  neuraxis.  Each  neurone  properly  possesses  but  one 
of  these.  In  most  cases  it  is  very  much  longer  than  any  of  the  dendrites,  and  along 
its  course  it  maintains  a  practically  uniform  diameter.  Axones  comprise  the  so- 
called  axis-cylinders  of  all  nerve-fibres,  and  thus  they  are  the  essential  components 


A.  From  a  cerebrospinal  nerve.  B.  From  the  spinal  cord.  C.  From  the  sympathetic,  a,  axones; 
m,  medullary  sheath;  n,  node  of  Ranvier;   s,  sheath  of  Schwann  with  occasional  nuclei. 


of  all  nerves  and  nerve  fasciculi.  Their  usual  nervous  function  is  to  convey  impulses 
away  from  the  cell-body  of  the  neurone,  either  to  other  neurones  in  a  chain  or  to 
appropriate  elements  of  other  tissue  systems.  Thus  axones  are  ccllifugal  processes. 
They  branch  less  frequently  than  dendrites,  and  in  branching  suffer  almost  no  ap- 
preciable diminution  in  their  diameter.  Branches  given  off  along  the  course  of  the 
axone  are  called  collaterals.  These  are  given  off  at  right  angles  instead  of  dichot- 
omously, thus  differing  from  the  form  of  branching  of  the  dendrites.  However,  at 
its  final  termination  the  axone  breaks  up  into  numerous  twigs  and  always  dichot- 
omously. The  terminals  of  these  twigs  are  known  as  telodendria.  Though  of 
minute  diameter,  the  total  bulk  of  the  axone  is  relatively  great.  The  longer  of 
them — for  example,  those  extending  from  the  spinal  cord  for  the  innervation  of  the 
foot — may  each  comprise  a  volume  more  than  two  hundred  times  that  of  the  cell- 
body  giving  origin  to  it. 

The  great  majority  of  the  axones  of  the  nervous  system  acquire  a  protective  and 
isolating  envelope  or  sheath  about  them  which  begins  a  short  distance  from  the 
parent  cell-body  and  is  lost  only  upon  approaching  the  twigs  of  termination.  In  their 
study  axones  are  divided  according  to  the  character  of  their  sheaths.  Those  which 
possess  in  their  sheaths  that  peculiar  mixture  of  fats  called  myelin  are  medullated 


Fig.  556. — Showing  Pieces  of  Axones. 
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axones,  and  those  whose  sheaths  are  void  of  myelin,  non-medullated  axones. 

However,  there  is  no  sharp  line  of  separation  between  these  two  varieties,  for  there 
may  be  found  axones  with  sheaths  of  all  degrees  of  medullation.  Most  of  the  neu- 
rones with  non-medullated  and  partially  medullated  axones  belong  to  the  sympa- 
thetic nervous  system.  Some  sympathetic  axones  are  completely  medullated, 
but  their  myelin  sheaths  are  always  thinner  and  never  so  well  developed  as  those 
of  the  cerebro-spinal  nerves.  Certain  axones  of  short  course  in  the  central  nervous 
system  are  non-medullated. 

In  internal  structure  the  cell-body  of  the  neurone  consists  of  a  large,  spherical, 
vesicular  nucleus  with  usually  one  characteristic,  centrally  placed  nucleolus  and  a 
cytoplasm  continuous  into  the  axone  and  dendritic  outgrowths.  The  two  most 
interesting  structures  of  the  cytoplasm  are  its  granular  and  fibrillar  components. 
The  granules  are  probably  of  nutritive  significance,  and,  during  the  death  changes 
in  the  cell,  show  a  tendency  to  collect  into  clumps  of  characteristic  shape  and 
arrangement  which  are  called  tigroid  masses  or  Nissl  bodies.  These  masses  are 
distributed  throughout  the  cytoplasm  with  the  interesting  exception  that  they  are 
not  found  in  the  axone  or  in  the  immediate  vicinity  of  its  hillock  of  origin.  The 
protoplasmic  fibrillse,  or  spongioplasmic  reticulum  of  the  original  cell,  increase  in 

Fig.  557. — Schemes  showing  Two  Forms  of  Termination  of  Axones  upon  Cell-bodies  of 

other  Neurones. 
A.  In  ventral  horn  of  spinal  cord.   B.  In  spinal  ganglia. 


thickness  during  the  development  of  the  neurone,  and  in  the  sending  out  of  the 
processes  the  meshes  of  the  net  become  so  drawn  out  as  to  give  the  appearance  of  a 
more  or  less  parallel  arrangement  of  the  threads.  This  appearance  sometimes  be- 
comes so  manifest  in  the  axone  and  portions  of  the  cell-body  that  it  has  been 
interpreted  as  a  series  of  individual  and  independent  threads  or  neuro-fibrillae. 

Nerve  impulses  are  transmitted  from  one  element  to  another  by  means  of  con- 
tact rather  than  by  direct  anatomical  continuity  of  the  two.  The  axone  bearing 
the  impulse  on  approaching  its  termination  loses  its  sheath  and  breaks  up  into 
its  numerous  terminal  twigs,  the  final  of  which  are  called  telodendria.  Their 
terminal  arrangement  assumes  forms  varying  from  more  compact  'pericellular 
baskets '  to  more  open  arborisations  composed  of  fewer  twigs.  The  twigs  of  the 
arborisation  or  end-brush  are  either  clasped  upon  the  dendrites  of  the  neurone  or 
upon  its  cell-body  direct,  as  the  case  may  be.  The  general  manner  of  the  contact 
is  illustrated  in  fig  557.  It  should  be  mentioned  that,  contrary  to  the  current  belief 
that  impulses  are  transmitted  by  simple  contact  of  neurones,  it  has  been  advanced 
that  the  terminal  twigs  frequently  penetrate  the  substance  of  the  cell-body,  and  it 
has  been  held  (more  recently  by  Joris)  that  neuro-fibrillse  sometimes  pass  from 
one  neurone  into  another. 

The  forms  of  nerve  termination  in  the  other  tissues  of  the  body  are  many  and 
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Fig.  558. — Showing  Some  Varieties  of  Peripheral  Terminations  of  Axones. 
A.  'Free  termination'  in  epithelium  (after  Retzius).  B.  Krause's  corpuscle  from  conjunctiva 
(after  Dogiel).  C.  Meissner's  corpuscle  from  skin  (after  Dogiel).  D.  Pacinian  corpuscle 
(after  Dogiel).  E.  Termination  upon  tendon  (Huber  and  DeWitt).  F.  Neuro-muscular 
spindle  (after  RufEni).  G.  Motor  termination  upon  smooth  muscle-cell.  H.  Motor  'end- 
plate'  on  striated  muscle-cell  (after  Bohm  and  von  Davidoff).    a,  axone;  t,  telodendria. 
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various.  Functionally,  they  are  necessarily  of  two  classes,  motor  and  sensory. 
Efferent  fibres  terminate  chiefly  upon  muscle-cells  forming  the  so-called  end-plates. 
The  forms  of  termination  in  which  nerve  impulses  originate,  those  of  the  sensory  or 
afferent  fibres,  vary  from  the  simple  or  free  termination  of  the  telodendria  upon 
the  surfaces  of  epithelial  cells  to  the  most  elaborate  and  complicated  forms  of  the 
so-called  end-organs  or  corpuscles.  If  medullated,  the  axone  always  loses  its 
myelin  sheath  upon  approaching  its  termination,  and  necessarily  the  terminal  twigs 
are  bare. 

The  supporting  and  connective  tissue  of  the  nervous  system  is  of  two  main 
varieties — white  fibrous  connective  tissue  and  neuroglia.  White  fibrous  tissue 
alone  supports  and  binds  together  the  peripheral  system,  and  it  is  the  chief  support- 
ing tissue  of  the  central  system.  As  connective  tissues,  these  two  varieties  are  quite 
similar  in  structure,  each  consisting  of  fine  fibrillse,  either  dispersed  or  in  bundles, 
among  which  are  distributed  the  nuclei  of  the  parent  syncytium.  In  both  tissues 
nuclei  are  frequently  found  possessing  varying  amounts  of  cytoplasm  which  has  not 
yet  been  transformed  into  the  essential  fibrils. 

In  addition  to  its  enveloping  membranes,  which  are  wholly  of  white  fibrous  tis- 
sue, the  white  fibrous  tissue  supporting  the  central  system  within  is  quite  abun- 
dant. It  is  all  sent  in  from  without,  either  as  ingrowths  of  the  pia  mater,  the  most 
proximal  of  the  membranes,  or  is  carried  in  with  the  blood-vessels,  of  the  walls  of 
which  it  is  an  abundant  component.  Practically,  the  neuroglia  as  a  connective  tissue 
proper  differs  from  white  fibrous  tissue  only  in  origin  and  in  its  chemical  or  staining 
properties.  Based  upon  the  latter,  there  are  methods  of  technique  by  which  the 
two  may  be  distinguished.  White  fibrous  tissue  is  derived  from  the  middle  germ 
layer  or  the  mesoderm,  while  neuroglia  comes  from  the  ectoderm.  The  epithelium 
lining  the  central  canal  of  the  spinal  cord  and  the  ventricles  of  the  encephalon,  with 
which  the  canal  is  continuous,  is  the  remains  of  the  mother  tissue  of  the  neuroglia, 
and  in  the  adult  is  the  only  vestige  indicating  its  origin.  The  cells  of  this  epithe- 
lium are  known  as  ependymal  cells,  and  they  are  usually  classed  as  a  variety  of 
neuroglia. 

In  its  development  the  nervous  system  is  precocious.  It  is  the  first  of  the  systems  to  begin 
differentiation,  and  is  the  first  to  assume  form.  The  first  trace  of  the  embryo  appears  on  the 
developing  ovum  as  the  embryonic  area,  and  the  rapidly  proliferating  cells  of  that  area  shortly 
become  arranged  into  the  three  germinal  layers:- — an  outer  layer  or  ectoderm,  a  middle  layer  or 
mesoderm,  and  an  inner  layer  or  entoderm.  Early  in  the  process  of  this  arrangement  there  is 
formed  along  the  axial  line  of  the  embryonic  area  a  thickened  plate  of  ectodermal  cells,  the 
neural  plate.  In  the  proliferation  of  these  cells  the  margins  of  the  neural  plate,  which  lie  parallel 
with  the  long  axis  of  the  embryonic  area,  rise  slightly  above  the  general  surface,  forming  the 
neural  folds,  and  the  floor  of  the  plate  between  the  folds  undergoes  a  slight  invagination,  the 
process  resulting  in  the  neural  groove  (fig.  559).  As  development  proceeds  and  the  embryonic  area 
assumes  the  form  of  the  distinct  embryo,  the  neural  folds  or  lips  of  the  groove  gradually  con- 
verge, and,  beginning  anteriorly,  finally  unite.  Thus  the  groove  is  converted  into  the  neural 
tube,  extending  along  the  dorsal  mid-line  and  enclosed  within  the  body  of  the  embryo  by  the 
now  continuous  ectoderm  above.  For  a  time  the  neural  tube  remains  connected  with  the  inner 
surface  of  the  general  ectoderm  along  the  line  of  fusion  by  a  strand  of  ectodermal  cells,  the  neural 
crest.  This  crest  is  derived  from  the  ridges  of  cells  which  composed  the  transition  between  the 
lips  of  the  original  groove  and  the  general  ectoderm,  and  whose  fusion  aided  in  the  closure  of 
the  tube.  The  essential  elements  of  the  entire  nervous  system  together  with  the  neuroglia  tis- 
sue are  derived  from  the  cells  of  the  neural  tube  and  the  cells  of  the  neural  crest. 

Even  before  the  caudal  extremity  of  the  tube  is  entirely  closed,  the  cephalic  portion  under- 
goes marked  enlargement  and  becomes  differentiated  into  three  vesicular  dilations,  the  primary 
vesicles.  By  a  series  of  further  dilations,  flexures  of  its  axis,  and  localised  thickenings  of  its  walls, 
the  portion  of  the  tube  included  in  the  three  primary  vesicles  developes  into  the  encephalon  or 
brain.    The  remainder  of  the  tube  becomes  the  spinal  cord. 

The  walls  of  the  posterior  vesicle  give  rise  to  the  rhombencephalon,  the  cerebellum  developing 
from  its  dorsal  wall  and  the  pons  and  medulla  oblongata  from  its  ventral  wall.  Its  cavity 
persists  and  enlarges  into  the  fourth  ventricle  of  the  adult. 

From  the  middle  primary  vesicle  comes  the  mesencephalon,  the  corpora  quadrigemina  being 
formed  from  its  dorsal  and  the  cerebral  peduncles  from  its  ventral  wall. 

The  anterior  or  first  primary  cerebral  vesicle  undergoes  greater  changes  than  either  of  the 
others.  At  an  early  period  three  diverticula  are  given  off  from  its  anterior  extremity,  two  lateral 
and  one  mesial.  The  lateral  are  the  primary  optic  vesicles  and  the  mesial  is  the  rudiment 
of  the  cerebral  hemispheres  or  telencephalon.  The  remaining  portion  of  the  vesicle  becomes 
the  diencephalon,  or  inter-brain,  its  lateral  walls  thickening  into  the  thalami,  the  posterior 
portion  of  its  dorsal  wall  giving  off  a  diverticulum,  the  epiphysis  or  pineal  body,  and  from  its 
ventral  wall  projects  a  diverticulum  which  becomes  the  hypophysis  with  its  tuber  cinereum. 
The  stalks  of  the  two  optic  vesicles  represent  the  course  of  the  optic  nerves,  while  from  their 
extremities  are  developed  the  retinae,  portions  of  the  ciliary  bodies,  and  portions  of  the  iris  of 
each  ocular  bulb. 
48 
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The  mesial  diverticulum  soon  after  its  formation  divides  into  two  secondary  vesicles,  each  of 
which  represents  a  cerebral  hemisphere  and  each  of  which  gives  off  ventrally  from  its  anterior 
part  a  narrow,  tube-like  diverticulum  which  is  transformed  into  the  olfactory  bulb  and  olfac- 
tory tract  of  the  adult  encephalon.  As  development  proceeds  the  cavities  of  the  olfactory  diver- 
ticula become  occluded  in  man.  However,  in  many  of  those  animals  in  which  the  olfactory  ap- 
paratus attains  greater  relative  development  than  in  man  the  cavities  persist  as  the  olfactory 
ventricles.    The  optic  vesicles  never  persist  as  ventricles  in  the  adult. 


Fig.  559. — Diagrams  of  Surface  Views  and  Sections  of  Germinal  Areas  showing  the  De- 
velopment of  the  Neural  Groove. 
A.  Earlier  stage.    B.  Later  stage.    A'.  Section  through  area  A  along  the  line  a.    B'.  Section 

through  area  B  along  line  b. 
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The  adult  human  brain  is  characterised  by  the  preponderant  development  of  the  cerebral 
hemispheres.  These  expand  till,  held  within  the  cranial  cavity,  they  extend  posteriorly  com- 
pletely over  the  thalamencephalon  and  mesencephalon  and  overlap  the  cerebellum  to  its  posterior 
border.  Their  cavities,  which  persist  from  the  divided  mesial  diverticulum  of  the  first  or  ante- 
rior embryonic  vesicle,  are  correspondingly  large,  and  comprise  the  two  lateral  ventricles  (two 
of  the  four  ventricles)  of  the  adult  brain.    The  third  ventricle  lies  between  the  thalami  and 


Fig.  560. — Diagrammatic  Sagittal  Section  of  a  Vertebrate  Brain.    (After  Huxley.) 
4,  fourth  ventricle;  s,  aqueduct  of  Sylvius;  3,  third  ventricle. 
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represents  the  middle  of  the  three  embryonic  vesicles,  while  the  fourth  is  between  the  cerebellum 
and  medulla  oblongata  and  represents  the  posterior  of  the  primary  vesicles.  The  four  ventri- 
cles remain  continuous  with  each  other,  as  well  as  continuous  with  the  central  canal  of  the  spi- 
nal cord.  Both  they  and  the  central  canal  represent  the  persisting  portion  of  the  cavity  of  the 
original  neural  tube.  The  inter-ventricular  foramina  connecting  the  third  ventricle  with  the 
two  lateral  ventricles  are  known  as  the  foramina  of  Monro;  that  connecting  the  third  ventricle 
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with  the  fourth  or  posterior  ventricle  passes  under  the  corpora  quadrigemina  and  is  known  as 
the  aqueduct  of  Sylvius,  or  aquaeductus  cerebri. 

The  localised  thickening  of  the  wall  of  the  neural  canal  results  from  the  combined  prolifer- 
ation and  migration  of  its  component  cells.    These  proliferating  cells  have  been  called  germinal 


Fig.  561. — Diagrammatic  Horizontal  Section  of  a  Vertebrate  Brain.    (After  Huxley.) 
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cells.  The  products  of  their  division  are  apparently  indifferent  at  first,  but  later  they  become 
differentiated  into  two  varieties: — (1)  Spongioblasts,  or  those  cells  which  will  develope  into  neu- 
roglia, and  (2)  neuroblasts,  or  those  cells  which  will  develope  into  neurones.    The  neuroblasts 


Fig.  562. — Diagram  showing  the  Segments  and  the  Flexures  of  the  Human  Brain  and  the 
Expansion  of  the  Cerebral  Hemispheres  over  the  Other  Portions  of  the  Brain. 
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become  transformed  into  neurones  of  the  sizes,  shapes,  and  arrangements  characteristic  of  the 
localities  in  which  the  transformation  occurs. 

Neurones  whose  cell-bodies  belong  to  the  peripheral  nervous  system  are  not  developed  within 
the  walls  of  the  central  system  at  all.    They  (comprising  the  spinal  ganglion  neurones  and  those 


Fig.  563. — Diagrams  showing  (1)  the  Growth  of  the  Primitive  Ganglia  from  the  Neural 
Crest;  (2)  the  Division  of  the  Primitive  Ganglia  into  Spinal  and  Sympathetic 
Portions,  and  (3)  the  Formation  of  the  Nerves. 
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of  the  sympathetic  system)  are  derived  from  the  cells  of  the  neural  crest.  The  wedge-shaped 
mass  comprising  the  neural  crest,  through  the  proliferation  of  its  cells,  gradually  extends 
outwards  over  the  surface  of  the  neural  tube  along  either  side.    Soon  the  proliferation  becomes 
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most  rapid  in  regions  corresponding  to  the  mesodermic  somites  or  primitive  body  segments,  and 
the  result  is  that  the  neural  crest  becomes  segmented  also.  The  segments  or  cell-masses  thus 
formed  are  the  beginning  not  only  of  the  spinal  ganglia,  but  also  of  the  entire  sympathetic  sys- 
tem. The  cell-masses  of  the  crest  migrate  to  assume  a  more  lateral  position,  and  then  occurs 
a  separation  in  their  ranks.  A  portion  of  them  remain  in  a  dorso-lateral  position  near  the  wall 
of  the  neural  tube  and  develope  into  the  neurones  of  the  spinal  ganglia  (the  cerebro-spinal  sen- 
sory neurones),  but  others  wander  further  out  into  the  periphery  and  become  the  neurones  of  the 
sympathetic.  Certain  of  those  of  this  more  nomadic  group  settle  within  the  vicinity  of 
the  vertebral  column  and  form  the  gangliated  cord  or  the  proximal  chain  of  sympathetic 
ganglia;  others  migrate  further,  but  in  more  broken  rank,  and  become  the  ganglia  of  the  pras- 
vertebral  plexuses  or  the  intermediate  chain,  while  still  others  wander  into  the  very  walls  of  the 
peripheral  organs  and  occur  singly  or  in  groups  in  such  plexuses  as  those  of  Auerbach  and  Meiss- 
ner,  between  the  tunics  of  the  walls  of  the  alimentary  canal.  Scattered  along  between  these 
proximal,  intermediate,  and  distal  groups  there  are  to  be  found  small  straggling  ganglia,  many 
of  which  contain  so  few  cell-bodies  that  they  are  indistinguishable  with  the  unaided  eye.  These 
sympathetic  neurones,  however,  are  always  either  directly  or  indirectly  in  connection  with  and 
largely  under  the  control  of  the  neurones  of  the  central  system  through  efferent  fibres  passing 
either  via  the  rami  communicantes  or  in  the  peripheral  distribution  of  the  cerebro-spinal  nerves. 

From  the  foregoing  it  will  be  seen  that  a  ganglion  may  be  denned  as  an  aggre- 
gation of  cell-bodies  of  neurones  whether  sympathetic  or  cerebro-spinal.  As  growth 
proceeds  these  cell-bodies  send  out  their  processes  for  the  reception  and  transmis- 
sion of  nerve  impulses.  The  cellifugal  process,  the  axone,  being  in  the  majority  of 
cases  the  longer  process,  is  more  in  evidence.  Every  ganglion,  therefore,  will  have 
connected  with  it  bundles  of  nerve-fibres,  some  of  which  bear  impulses  to  its  cells 
from  neighbouring  ganglia  or  from  the  tissues  of  neighbouring  organs:  others  of 
which  arise  from  its  cells  and  bear  impulses  to  other  ganglia  or  to  the  tissues  of  the 
organs.  Necessarily,  the  larger  the  ganglion,  the  larger  will  be  these  bundles  of 
fibres.  In  the  peripheral  system  the  larger  of  these  bundles  are  given  the  general 
name  of  nerves,  the  smaller  are  spoken  of  as  branches,  rami,  etc.  In  the  central 
system  the  larger  pathways,  especially  if  mixed,  are  funiculi,  the  smaller  and 
those  composed  of  axones  of  similar  functional  course  are  called  fasciculi. 


THE  CENTRAL  NERVOUS  SYSTEM 

The  central  nervous  system  or  organ  is  an  aggregation  of  ganglia — a  large  gang- 
lionated  axis  situated  in  the  dorsal  mid-line  of  the  body — and  the  bundles  of  fibres 
connecting  it  with  the  tissues  of  other  systems  and  with  the  peripheral  ganglia  are 
of  necessity  correspondingly  large.  So  numerous  are  the  axones  connecting  these 
ganglia  and  so  intimately  are  they  associated  that  a  disturbance  affecting  any  one 
part  of  the  system  may  extend  to  influence  all  other  parts.  The  enlarged  cephalic 
extremity  of  this  central  axis,  the  encephalon,  is  a  special  aggregation  of  ganglia, 
many  of  which  are  much  larger  than  any  others  found  in  the  body. 

In  the  study  of  the  central  nervous  system  its  enveloping  membranes  or  meninges 
are  met  with  first,  and  logically  should  be  considered  first  ,  but  since  a  comprehen- 
sive description  of  these  membranes  involves  a  foreknowledge  of  the  various  struc- 
tures with  which  they  are  related,  it  is  more  expedient  to  consider  them  after  mak- 
ing a  closer  study  of  the  entire  system  they  envelope. 

For  convenience  of  study  the  central  nervous  system  is  separated  into  the 
general  gross  divisions  illustrated  in  fig.  564.  Each  of  these  divisions  will  be 
subdivided  and  considered  with  especial  reference  to  its  anatomical  and  functional 
relations  to  the  other  divisions  and  the  inter-relations  of  its  component  parts. 


THE  SPINAL  CORD 

The  spinal  cord  or  medulla  spinalis  is  the  posterior  and  most  attenuated  portion 
of  the  central  nervous  system.  It  is  approximately  cylindrical  in  form  and  termi- 
nates conically.  Its  average  length  in  the  adult  is  44  cm.  (18  in.).  It  averages 
about  2  cm.  longer  in  the  male  than  in  the  female.  Tt  weighs  from  26  to  28  gm.  or 
about  2  per  cent,  of  the  entire  cerebro-spinal  axis,  and  has  about  z\  the  weight  of 
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the  encephalon.  After  birth  it  grows  more  rapidly  and  for  a  longer  period  than  the 
encephalon,  increasing  in  weight  more  than  sevenfold,  while  the  brain  increases  less 
than  half  that  amount.    Its  specific  gravity  is  given  as  T038. 

The  line  of  division  between  the  spinal  cord  and  the  medulla  oblongata  is  arbi- 
trary. The  outer  border  of  the  foramen  magnum  is  commonly  given,  or,  better,  a 
transverse  line  just  below  the  decussation  of  the  pyramids.  Lying  in  the  vertebral 
canal,  the  adult  cord  usually  extends  to  the  upper  border  of  the  body  of  the  second 
lumbar  vertebra.  However,  cases  may  be  found  in  which  it  extends  no  farther  than 
the  last  thoracic  vertebra.    Up  to  the  third  month  of  intra-uterine  life  it  occupies 

Fig.  564. — Diagram  illustrating  the  Gross  Divisions  of  the  Central  Nervous  System. 


the  entire  length  of  the  vertebral  canal,  but  owing  to  the  fact  that  the  vertebral 
column  lengthens  more  rapidly  and  for  a  longer  period  than  does  the  spinal  cord,  the 
latter,  being  attached  to  the  brain  above,  soon  ceases  to  occupy  the  entire  canal. 
At  birth  its  average  extent  is  to  the  body  of  the  third  lumbar  vertebra. 

External  morphology. — In  position  in  the  body,  the  spinal  cord  conforms 
to  the  curvatures  of  the  canal  in  which  it  lies.  In  addition  to  the  bony  wall 
of  the  vertebral  canal,  it  is  enveloped  and  protected  by  its  three  membranes  or  men- 
inges, which  are  continuous  with  the  like  membranes  of  the  encephalon:  first,  the 
pia  mater,  which  closely  invests  the  cord  and  sends  ingrowths  into  its  substance, 
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contributing  to  its  support;  second,  the  arachnoid,  a  loosely  constructed,  thin 
membrane,  separated  from  the  pia  mater  by  a  considerable  subarachnoid  space; 
third,  the  dura  mater,  the  outermost  and  thickest  of  the  membranes,  separated  from 
the  arachnoid  by  merely  a  slit-like  space,  the  subdural  space. 

The  intimate  association  of  the  central  system  with  all  the  peripheral  organs  is 
attained  chiefly  through  the  spinal  cord,  and  this  is  accomplished  by  means  of 
thirty-one  pairs  of  spinal  nerves,  which  are  attached  along  its  lateral  aspects.  The 
nerves  of  each  pair  are  attached  opposite  each  other  at  more  or  less  equal  intervals 
along  its  entire  length,  and  in  passing  to  the  periphery  they  penetrate  the  meninges, 
which  contribute  to  and  are  continuous  with  the  connective-tissue  sheaths  investing 
them.  Each  nerve  is  attached  by  two  roots,  an  afferent  or  dorsal  root,  which 
enters  the  cord  along  its  postero-lateral  sulcus,  and  an  efferent  or  ventral  root,  which 
makes  its  exit  along  the  vent ro- lateral  aspect. 

With  its  inequalities  in  thickness  and  its  conical  termination  the  spinal  cord  is 
subdivided  into  four  parts  or  regions: — (1)  The  cervical  portion,  with  eight  pairs 
of  cervical  nerves;  (2)  the  thoracic  portion,  with  twelve  pairs  of  thoracic  nerves;  (3) 
the  lumbar  portion,  with  five  pairs  of  lumbar  nerves;  and  (4)  the  conus  medul- 
laris,  or  sacral  portion,  with  five  pairs  of  sacral  and  one  pair  of  coccygeal  nerves. 
From  the  termination  of  the  conus  medullaris,  the  pia  mater  continues  below  in  the 
subarachnoid  space  into  the  portion  of  the  vertebral  canal  not  occupied  by  the 

Fig.  565. — Dorsal  View  of  Portion  op  Spinal  Cord  in  Position  in  Vertebral  Canal. 


spinal  cord,  and  forms  the  non-nervous,  slender,  thread-like  terminal,  the  filum 
terminale.    This  becomes  continuous  with  the  dura  mater  at  its  lower  extremity. 

In  the  early  foetus  the  spinal  nerves  pass  from  their  attachment  to  the  spinal 
cord  outwards  through  the  intervertebral  foramina  at  right  angles  to  the  long  axis  of 
the  cord,  but,  owing  to  the  fact  that  the  vertebral  column  increases  considerably  in 
length  after  the  spinal  cord  has  practically  ceased  growing,  the  nerve-roots  become 
drawn  caudad  from  their  points  of  attachment,  and,  as  is  necessarily  the  case,  their 
respective  foramina  are  displaced  progressively  downwards  as  the  termination  of  the 
cord  is  approached,  until  finally  the  roots  of  the  lumbar  and  sacral  nerves  extend 
downwards  as  a  brush  of  parallel  bundles  considerably  below  the  levels  at  which  they 
are  attached.  This  brush  of  nerve-roots  is  the  cauda  equina.  The  dura  mater,  being 
more  closely  related  to  the  bony  wall  of  the  canal  than  to  the  spinal  cord,  extends 
with  the  vertebral  column  and  thus  envelopes  the  cauda  equina,  undergoing  a 
slightly  bulbous,  conical  termination. 

The  enlargements. — Wherever  there  is  a  greater  mass  of  tissue  to  be 
innervated,  the  region  of  the  nervous  system  supplying  such  must  of  necessity  pos- 
sess a  greater  number  of  neurones.  Therefore,  the  regions  of  the  spinal  cord  asso- 
ciated with  the  skin  and  musculature  of  the  regions  of  the  superior  and  inferior 
limbs  are  thicker  than  the  regions  from  which  the  neck  or  trunk  alone  are  inner- 
vated. Thus  in  the  lower  cervical  region  the  spinal  cord  becomes  broadened  into 
the  cervical  enlargement,  and  likewise  in  the  lumbar  region  occurs  the  lumbar 
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enlargement.  The  spinal  nerves  attached  to  these  regions  are  of  greater  size 
than  in  other  regions. 

The  cervical  enlargement  begins  with  the  third  cervical  vertebra,  acquires  its 
greatest  breadth  (12  to  14  mm.)  opposite  the  lower  part  of  the  fifth  cervical  vertebra 
(origin  of  the  sixth  cervical  nerves),  and  extends  to  opposite  the  second  thoracic 
vertebra.  Unlike  the  lumbar  enlargement,  its  lateral  is  noticeably  greater  than  its 
dorso-ventral  diameter. 


Fig.  566. — Drawing  from  Specimen  showing  Cauda  Equina,  the  Beginning  of  Certain  of 
the  Spinal  Nerves  which  form  it,  and  its  Accompanying  Dura  Mater.    (Dorsal  aspect.) 


The  lumbar  enlargement  begins  gradually  with  the  ninth  or  tenth  thoracic  ver- 
tebra, is  most  marked  at  the  twelfth  thoracic  vertebra  (origin  of  the  fourth  lumbar 
nerves),  and  rapidly  diminishes  into  the  conus  medullaris. 

Both  the  lumbar  and  thoracic  regions  are  practically  circular  in  transverse  sec- 
tion. Neither  diameter  of  the  lumbar  is  ever  so  great  as  the  lateral  diameter  of 
the  cervical  enlargement.    The  thoracic  part  attains  its  smallest  diameter  opposite 
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the  fifth  and  sixth  thoracic  vertebrae  (attachment  of  the  seventh  and  eighth 
thoracic  nerves). 

The  enlargements  occur  with  the  development  of  the  upper  and  lower  limbs.  In 


Fig.  567. — Posterior  and  Anterior  Views  of  the  Spinal  Cord.     (Modified  from  Quain.) 
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the  embryo  they  are  not  evident  until  the  limbs  are  formed.  In  the  orang-utan 
and  gorilla  the  cervical  enlargement  is  greatly  developed ;  the  ostrich  and  emu  have 
practically  none  at  all. 

Surface  of  the  spinal  cord. — The  cord  is  separated  into  nearly  symmetrical 
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right  and  left  halves  by  the  broad  anterior  median  fissure  into  which  the  pia  mater 
is  duplicated,  and  opposite  this,  on  the  dorsal  surface,  by  the  posterior  median  sul- 
cus. Along  the  lower  two-thirds  of  the  cord  this  sulcus  is  merely  a  septum;  in  the 
medulla  oblongata  it  opens  up  and  attains  the  character  of  a  fissure,  and  finally 
becomes  continuous  into  the  fourth  ventricle.  Each  of  the  two  lateral  halves  of 
the  cord  is  marked  off  into  a  posterior,  lateral,  and  anterior  division  by  two  other 
longitudinal  sulci.  Of  these,  the  postero-lateral  sulcus  occurs  as  a  slight  groove 
2  to  3£  mm.  lateral  from  the  posterior  median  sulcus,  and  is  the  groove  in  which  the 
dorsal  roots  enter  the  cord  in  regular  linear  series.  The  ventral  division  is  separated 
from  the  lateral  by  the  antero-lateral  sulcus.  This  is  rather  an  irregular,  linear 
area  than  a  sulcus.  It  is  from  1  to  2  mm.  broad,  and  represents  the  area  along 
which  the  efferent  fibres  make  their  exit  from  the  cord  to  be  assembled  into  the  respec- 
tive ventral  roots.  This  area  varies  in  width  according  to  the  size  of  the  nerve-roots, 
and,  like  the  postero-lateral  sulcus,  its  distance  from  the  mid-line  varies  according 
to  locality,  being  greatest  on  the  enlargements  of  the  cord.  In  the  cervical  region, 
and  in  part  of  the  thoracic,  the  posterior  division  is  subdivided  by  a  delicate  longi- 
tudinal groove,  the  postero-intermediate  sulcus,  which  becomes  more  evident 
towards  the  medulla  oblongata  and  represents  the  line  of  demarcation  between  the 
fasciculus  gracilis  and  the  fasciculus  cuneatus.    Occasionally  in  the  upper  cervical 

Fig.  568. — A,  Ventral,  and  B,  Dorsal,  Views  of  Portion  of  Spinal  Cord  showing  Modes  of 
Attachment  of  Dorsal  and  Ventral  Roots. 

ANTERO-LATERAL  SULCUS  {line  of  ventral  roots)  POSTERIOR  MEDIAN  SULCUS 


region  a  similar  line  may  be  seen  along  the  ventral  aspect  close  to  the  anterior 
median  fissure.  This  is  the  antero-intermediate  sulcus,  forming  the  lateral 
boundary  of  the  ventral  pyramidal  fasciculus. 

Collectively,  the  entire  space  between  the  posterior  median  sulcus  and  the  line  of 
attachment  of  the  dorsal  roots  is  occupied  by  the  posterior  funiculus;  the  lateral 
space  between  the  line  of  attachment  of  the  dorsal  and  that  of  the  ventral  roots, 
by  the  lateral  funiculus;  and  the  space  between  the  ventral  roots  and  the  anterior 
median  fissure,  by  the  anterior  funiculus.  Each  of  these  funiculi  is  subdivided 
into  its  component  fasciculi. 

The  dorsal  and  ventral  nerve-roots  are  not  attached  to  the  cord  as  such,  but  are 
first  frayed  out  into  numerous  thread-like  bundles  of  axones  which  are  distributed 
along  their  lines  of  entrance  and  exit.  These  bundles  are  the  root  filaments  (fila 
radicularia)  of  the  respective  roots.  The  fila  of  the  larger  spinal  nerves  are  fanned 
out  to  the  extent  of  forming  almost  continuous  lines  of  attachment,  while  in  the 
thoracic  nerves  there  are  appreciable  intervals  between  those  of  adjacent  roots. 
Throughout,  the  intervals  are  less  between  the  fila  of  the  ventral  than  between 
those  the  dorsal  roots. 

Internal  structure  of  the  spinal  cord. — By  reflected  light  masses  of  medul- 
lated  axones  appear  white,  and  such  masses  are  known  as  white  substance.  Masses 
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in  which  cell-bodies  of  neurones,  non-medullated  axones,  and  supporting  tissue  pre- 
dominate have  a  darker  or  greyish  appearance,  and  are  known  as  grey  substance. 
The  spinal  cord  consists  of  a  continuous,  centrally  placed  column  of  grey  substance 
surrounded  by  a  variously  thickened  tunic  of  white  substance.  The  closely  invest- 
ing pia  mater  sends  numerous  ingrowths  into  the  cord,  bearing  blood-vessels  and 
contributing  to  its  internal  supporting  tissue.  The  volume  of  white  and  of  grey 
substance  varies  both  absolutely  and  relatively  at  different  levels  of  the  cord.  The 
absolute  amount  of  grey  substance  increases  with  the  enlargements.  The  absolute 
amount  of  white  substance  also  increases  with  the  enlargements  coincident  with  the 
greater  amount  of  grey  substance  in  those  regions.  The  relative  amount  of  white 
substance  increases  in  passing  from  the  conus  medullaris  to  the  medulla  oblongata, 
due  to  the  fact  that  the  ascending  and  descending  axones  connecting  the  cord  with 
the  encephalon  are  contributed  at  different  levels  of  the  cord  along  its  entire  course. 

The  grey  substance. — In  the  embryo  all  the  nerve-cells  of  the  grey  substance 
are  derived  from  the  cells  lining  the  neural  tube,  and  in  the  adult  the  column  of  grey 
substance,  though  greatly  modified  in  shape,  still  retains  its  position  about  the  cen- 
tral canal.  In  transverse  section  the  column  appears  as  a  grey  figure  of  two  laterally 
developed  halves,  connected  across  the  mid-line  by  a  more  attenuated  portion,  the 
whole  roughly  resembling  the  letter  H.  The  cross-bar  of  the  H  is  known  as  the  grey 
commissure.  Naturally,  it  contains  the  central  canal,  which  is  quite  small  and 
is  either  rounded  or  laterally  or  ventrally  oval  in  section,  according  to  the  level  of 
the  cord  in  which  it  is  examined.  The  canal  continues  upwards,  and  in  the  medulla 
oblongata  opens  out  into  the  fourth  ventricle.  Downwards,  in  the  extremity  of 
the  conus  medullaris,  it  widens  slightly  and  forms  the  rhomboidal  sinus  or  termi- 
nal ventricle,  then  is  suddenly  constricted  into  an  extremely  small  canal  extending 
a  short  distance  into  the  filum  terminate,  and  there  ends  blindly.  The  grey  com- 
missure always  lies  somewhat  nearer  the  ventral  than  the  dorsal  surface  of  the  cord, 
and  itself  contains  a  few  medullated  axones  which  vary  in  amount  in  the  different 
regions  of  the  cord.  Of  these,  the  axones  crossing  the  mid-line  on  the  ventral  side  of 
the  central  canal  form  the  ventral  or  anterior  white  commissure;  those,  usually 
much  fewer  in  number,  crossing  on  the  dorsal  side  of  the  central  canal,  form  the 
dorsal  or  posterior  white  commissure.  The  axones  of  these  commissures  serve  in 
functionally  associating  the  two  lateral  halves  of  the  grey  column. 

Each  lateral  half  of  the  grey  column  presents  a  somewhat  crescentic  or  comma- 
shaped  appearance  in  transverse  section,  which  also  varies  at  the  different  levels  of 
the  cord.  At  all  levels  each  half  presents  two  vertical,  well-defined  horns,  them- 
selves spoken  of  as  columns  of  grey  substance.  The  dorsal  horn,  or  columna  poste- 
rior, extends  posteriorly  and  somewhat  laterally  towards  the  surface  of  the  cord  along 
the  line  of  the  postero-lateral  sulcus.  It  is  composed  of  an  apex  (caput)  and  a  neck 
(cervix).  In  structure  the  apex  is  peculiar.  The  greater  portion  of  it  consists  of 
a  mass  of  small  nerve-cells  and  neuroglia  tissue,  among  which  a  gelatinous  substance 
of  questionable  origin  predominates,  giving  the  horn  a  semi-translucent  appearance. 
This  is  designated  as  gelatinous  substance  of  Rolando,  to  distinguish  it  from  a 
similar  appearance  immediately  about  the  central  canal  (central  gelatinous  substance). 
The  apex  of  the  dorsal  horn  is  widest  in  the  regions  of  the  enlargements,  and  the 
gelatinous  substance  of  Rolando  is  most  marked  in  the  cervical  region.  In  these 
regions  the  cervix  consists  of  a  slight  constriction  of  the  dorsal  horn  between  the 
apex  and  the  line  of  the  grey  commissure.  In  the  thoracic  region,  however,  the  base 
of  the  cervix  is  the  thickest  part  of  the  dorsal  horn.  This  thickness  is  due  to  the 
presence  there  of  the  nucleus  dorsalis,  or  Clarke's  column — a  column  of  grey  sub- 
stance containing  numerous  nerve-cells  of  larger  size  than  elsewhere  in  the  dorsal 
horn,  and  extending  between  the  seventh  cervical  and  third  lumbar  segments  of  the 
cord.  Tapering  finely  at  its  ends,  this  nucleus  attains  its  height  in  the  lower  tho- 
acic  or  first  lumbar  segment.  About  the  ventral  periphery  of  the  nucleus  dorsalis 
ire  scattered  nerve-cells  of  the  same  type  as  contained  in  it.  These  cells  compose 
itilling's  nucleus.  They  are  more  numerous  about  the  lower  extremity  of  the 
lucleus  dorsalis,  and  they  continue  to  appear  below  its  termination  in  the  lumbar 
^gion. 

The  ventral  horn,  or  columna  anterior,  of  each  lateral  half  of  the  grey  figure  is 
rected  ventrally  towards  the  surface  of  the  spinal  cord,  pointing  towards  the  antero- 
eral  sulcus.    It  contains  the  cell-bodies  which  give  origin  to  the  efferent  or  ven- 
i  r  »ot  axones,  and  these  axones  make  their  emergence  from  the  spinal  cord  along 
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the  sulcus.  The  ventral  horns  vary  markedly  in  shape  in  the  different  regions.  In 
certain  segments  each  ventral  horn  clearly  presents  its  two  component  columns  of 
grey  substance:  the  lateral  horn  (columna  lateralis),  a  triangular  projection  of 
grey  substance  into  the  surrounding  white  substance,  in  line  with  or  a  little  ventral 
to  the  line  of  the  grey  commissure;  and  the  ventral  horn  proper  {columna  anterior), 
projecting  ventrally.  In  the  mid-thoracic  region  the  lateral  horn  is  relatively  insig- 
nificant, and  the  anterior  horn  is  quite  slender  ;  in  the  cervical  and  lumbar  enlarge- 
ments both  horns  are  considerably  enlarged  and  fuse  into  one  large  column. 

The  grey  substance  is  not  sharply  demarcated  from  the  white.  In  the  blending 
of  the  two  there  often  are  small  fasciculi  of  white  substance  embedded  in  the  grey,  and 
likewise  the  grey  substance  sends  fine  processes  among  the  axones  composing  the 
white  substance.  Such  processes  or  grey  trabecular  are  most  marked  along  the 
lateral  aspects  of  the  grey  figure  and  present  there  the  appearance  known  as  the 
reticular  formation.  The  reticular  formation  of  the  spinal  cord  is  most  evident 
in  the  cervical  region  (fig.  569). 

The  large  cell-bodies  of  the  ventral  horn  as  a  whole  are  divisible  into  four  groups, 
only  two  of  which  are  to  be  distinguished  in  the  mid-thoracic  region  of  the  spinal 
cord: — (1)  A  ventral  group  of  cells,  sometimes  separated  into  a  ventro-lateral  and  a 
ventro-medial  portion  (see  figs.  569  and  571),  occupies  the  anterior  column, 
is  constant  throughout  the  entire  length  of  the  cord,  and  contributes  axones 
to  the  ventral  root,  most  of  which  probably  supply  the  muscles  proximal  to  the  spinal 
column;  (2)  a  dorso-medial  group  of  cells,  situated  in  the  medial  part  of  the  ventral 
horn,  just  below  the  level  of  the  central  canal,  gives  origin  to  axones  some  of  which 
go  to  the  ventral  root  of  the  same  side,  but  most  of  which  cross  the  mid-line  via  the 
anterior  white  commissure,  either  to  pass  out  in  the  ventral  root  of  the  opposite  side 
or  to  enter  the  white  substance  of  that  side  and  course  upwards  or  downwards,  asso- 
ciating with  other  levels  of  the  cord.  Some  of  its  axones  terminate  among  the  cells 
of  the  ventral  horn  in  the  same  level  of  the  opposite  side ;  (3)  a  lateral  group  of  cells, 
sometimes  separated  into  a  dorso-lateral  and  a  ventro-lateral  portion,  occupies  the 
lateral  column  of  the  horn,  and  is  best  differentiated  in  the  cervical  and  lumbar 
enlargements.  Most  of  the  axones  arising  from  its  larger  cells  are  contributed  to 
the  ventral  root  of  the  same  side,  and  such  axones  probably  supply  the  muscles  of  the 
extremities.  Some  of  those  from  its  ventral  portion  are  distributed  to  the  muscles 
of  the  body-wall;  (4)  'an  intermediate  group,  occupying  the  mid-dorsal  portion  of  the 
ventral  horn.  Axones  arising  from  its  cells  are  probably  seldom  contributed  to  the 
ventral  root,  but  instead  course  wholly  within  the  central  nervous  system.  Some 
pass  to  the  opposite  side  of  the  cord,  chiefly  via  the  anterior  and  possibly  the  posterior 
white  commissure,  to  terminate  either  in  the  same  or  different  levels  of  the  grey  col- 
umn. Others  of  longer  course  pass  to  the  periphery  of  the  cord,  join  one  of  the  cere- 
bellospinal fasciculi,  and  pass  upwards  to  the  cerebellum. 

Furthermore,  there  are  scattered  throughout  the  grey  substance  many  smaller 
nerve-cells.  These  give  rise  to  axones  of  shorter  course,  either  commissural  or 
associational  proper.  Of  such  axones  many  are  quite  short,  coursing  practically 
in  the  same  level  as  that  in  which  their  cells  of  origin  are  located,  and  serve  to  con- 
nect the  different  parts  of  the  grey  substance  of  that  level.  Others  course  varying 
distances  upwards  and  downwards  for  the  association  of  different  levels  of  the  grey 
column. 

It  is  evident  from  the  above  that  in  addition  to  the  various  nerve-cells  it  contains, 
there  is  also  to  be  found  a  felt-work  of  axones  in  the  grey  substance.  Many  of  these 
axones  are  medullated,  though  not  in  sufficient  abundance  to  destroy  the  grey  char- 
acter of  the  substance.  The  felt-work  is  composed  of  three  general  varieties  of  fibres : 
— (1)  The  terminal  twigs  of  axones  and  their  collaterals  entering  from  the  fasciculi 
of  the  white  substance  and  forming  end-brushes  about  the  various  cell-bodies  in  the 
grey  substance  (partly  medullated) ;  (2)  axones  given  off  from  the  cells  of  the  grey 
substance  and  which  pass  into  the  surrounding  white  substance  either  to  enter  the 
ventral  roots  or  to  join  the  ascending  and  descending  fasciculi  within  the  spinal  cord 
(partly  medullated) ;  (3)  axones  of  Golgi  cells  of  type  II,  which  do  not  pass  outside 
the  confines  of  the  grey  substance  (non-medullated).  Some  axones  of  any  of  these 
varieties  may  cross  the  mid-line  and  thus  become  commissural.  In  general  all  fibres 
of  long  course  acquire  medullary  sheaths  a  short  distance  from  their  cells  of  origin, 
and  lose  them  again  just  before  termination. 

The  white  substance  of  the  spinal  cord. — The  great  mass  of  the  medullated 
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Fig.  569.— (Continued.) 

Fig.  569. — Transverse  Sections  from  Different  Segments  of  the  Spinal  Cord,  showing 
Shape  and  Relative  Proportions  of  Grey  and  White  Substance  in  the  Differ- 
ent Segments  Represented. 
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axones  of  the  spinal  cord  course  longitudinally  and  thus  coursing,  form  the  thick  man- 
tle surrounding  the  column  of  grey  substance.  This  mantle  is  divided  into  right  and 
left  homolateral  halves  by  the  anterior  median  fissure  along  its  ventral  aspect,  and 
along  its  dorsal  aspect  by  the  posterior  septum,  which  is  for  the  most  part  a  connective- 
tissue  partition  derived  from  the  pia  mater  along  the  line  of  the  posterior  median 
sulcus.  The  mantle  is  supported  internally  by  interwoven  neuroglia  and  white 
fibrous  connective  tissue,  the  latter,  derived  chiefly  from  the  pia  mater,  closely  invest- 
ing it  without. 
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The  axones  of  the  white  substance  belong  to  three  general  neurone  systems: — 
(1)  The  cerebrospinal  system,  which  consists  of  axones  of  long  course  both  ascending 
and  descending,  forming  conduction  paths  between  the  cerebrum  and  the  peripheral 
organs.  The  ascending  axones  of  this  system  collect  the  general  bodily  sensations 
and  convey  them  to  the  cerebrum,  the  cells  of  which  in  response  contribute  axones 
which  descend  the  cord,  conveying  efferent  or  motor  impulses.  (2)  The  cerebello- 
spinal system  consists  of  conduction  paths,  both  ascending  and  descending,  which 
are  connections  between  cerebellar  structures  and  the  grey  substance  of  the  spinal 
cord.  (3)  Axones  which  serve  to  associate  the  different  levels  of  the  spinal  cord. 
The  axones  of  this  system  are  proper  to  the  spinal  cord,  i.  e.,  they  do  not  pass  outside 
its  confines.  Necessarily  this  system  contains  axones  of  various  lengths.  Some 
merely  associate  different  levels  within  a  single  segment  of  the  cord;  others  asso- 
ciate the  different  segments  with  each  other.  Axones  which  associate  the  structures 
of  the  spinal  cord  with  those  of  the  medulla  oblongata  may  be  included  in  this  system. 

Both  the  first  and  second  systems  increase  in  bulk  as  the  cord  is  ascended.  The 
ascending  axones  of  each  system  are  contributed  to  the  white  substance  of  the  cord 
along  its  length,  and  therefore  accumulate  upwards;  the  axones  descending  from 
the  encephalon  are  distributed  to  the  different  levels  of  the  cord  along  its  length,  and 
therefore  diminish  downwards. 

The  mass  of  the  third  system  of  axones  varies  according  to  locality.  Wherever 
there  is  a  greater  mass  of  neurones  to  be  associated,  as  there  is  in  the  enlargements  of 
the  cord,  a  greater  number  of  these  axones  is  required.  Their  cells  of  origin,  being 
in  the  grey  substance  of  the  cord,  contribute  to  its  bulk  and  thus  both  the  cells  and 
the  axones  of  this  association  system  serve  to  make  the  enlargement  s  more  marked.  In 
the  lumbar  and  sacral  regions  the  greater  mass  of  the  entire  white  substance  consists 
of  axones  belonging  to  this  system.  It  forms  a  dense  felt- work  about  the  grey  column 
throughout  its  length.  Many  of  these  axones  cross  the  mid-line  to  associate  the 
neurones  of  the  two  sides  of  the  grey  column.  For  purposes  of  distinction,  such  as 
cross  the  mid-line  are  called  commissural  fibres,  while  those  which  course  upwards 
and  downwards  on  the  same  side  are  association  fibres.  Coursing  in  longitudinal 
bundles  about  the  grey  figure,  they  compose  the  fasciculi  proprii  or  'ground  bun- 
dles' of  the  spinal  cord. 

A  purely  anatomical  examination  of  a  normal  adult  cord,  prepared  by  whatever 
means,  gives  no  indication  of  the  fact  that  the  mass  of  longitudinally  coursing  fibres 
of  the  white  substance  is  composed  of  more  or  less  definite  bundles  or  fasciculi, 
each  having  a  definite  course,  and  whose  axones  form  links  (conduction  paths)  in  a 
definite  system  of  neurone  chains. 

Present  information  as  to  the  size,  position,  and  connections  of  the  various  fasciculi  is  based 
upon  evidence  obtained  by  three  different  lines  of  investigation: — 

(!)  Physiological  investigation. — (a)  Direct  stimulation  of  definite  bundles  or  areas  in 
section  and  carefully  noting  the  resulting  reactions  which  indicate  the  function  and  course  of 
the  axones  stimulated.  (6)  'Wallerian  degeneration'  and  the  application  of  such  methods  as 
that  of  Marchi.  When  an  axone  is  severed,  that  portion  of  it  which  is  separated  from  its  parent 
cell-body  degenerates.  Likewise  a  bundle  of  axones  severed,  whether  by  accident  or  design, 
will  degenerate  from  the  point  of  the  lesion  on  to  the  locality  of  their  termination  in  whichever 
direction  this  may  be.  By  the  application  of  a  staining  technique  which  is  differential  for  de- 
generated or  degenerating  axones  and  a  study  of  serial  sections  containing  the  axones  in  question, 
their  course  and  distribution  may  be  determined.  The  locality  of  their  cells  of  origin,  if  unknown, 
may  be  determined  by  repeated  experiment  till  a  point  of  lesion  is  found  not  followed  by  degen- 
eration of  the  axones  under  investigation,  (c)  The  axonic  reaction  or  'reaction  from  a  distance.' 
Cell-bodies  whose  axones  have  been  severed  undergo  chemical  change  and  s^ain  differently  from 
those  whose  axones  are  intact.  Thus  cell-bodies  giving  origin  to  a  bundle  oi  severed  axones  may 
be  located  in  correctly  stained  sections  of  the  region  containing  them. 

(2)  Embryological  evidence. — In  the  first  stages  of  their  development  axones  of  the  cerebro- 
spinal nervous  system  are  non-medullated.  They  acquire  their  sheaths  of  myelin  later.  Axone 
pathways  forming  different  connections  become  medullated  at  different  periods.  Based  upon 
this  fact  a  method  of  investigation  originated  by  Flechsig  is  employed,  by  which  the  position 
and  course  of  various  pathways  may  be  determined.  A  staining  method  differential  for  medul- 
lated axones  alone  is  applied  to  the  nervous  systems  of  foetuses  of  different  ages,  and  pathways 
medullated  at  given  stages  may  be  followed  from  the  locality  of  their  origin  to  their  termination. 
In  the  later  stages,  when  most  of  the  pathways  are  medullated  and  therefore  stain  alike,  the  less 
precocious  pathways  may  be  followed  by  their  absence  of  medullation. 

(3)  Direct  anatomical  evidence. — Stains  differential  for  axones  alone  are  applied  to  a  given 
locality  to  determine  the  fact  that  the  axones  of  a  given  bundle  actually  arise  from  the  cell- 
bodies  there,  or  that  axones  traced  to  a  given  locality  actually  terminate  about  the  cell-bodies 
of  that  locality.  For  example,  it  may  be  proved  anatomically  that  the  axones  of  a  dorsal  root 
arise  from  the  cells  of  the  corresponding  spinal  ganglion,  and  then  these  axones  may  be  traced 
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into  the  spinal  cord  and  their  terminations  noted  either  by  collateral  or  terminal  twigs,  or  the 
fasciculus  they  join  in  their  cephalic  course  may  be  determined . 

For  topographical  purposes,  that  the  various  fasciculi  may  be  referred  to  with  greater  ease,  the 
white  substance  of  the  spinal  cord  in  section  is  divided  into  three  areas  known  as  funiculi  or  col- 
umns and  which  correspond  to  the  funiculi  already  mentioned  as  evident  upon  the  surface  of  the 
cord  when  intact.  The  funiculi  are  outlined  wholly  upon  the  basis  of  their  position  in  the  cord 
and  with  reference  to  the  median  line  and  the  contour  of  the  column  of  grey  substance;  their  com- 
ponent fasciculi  are  defined  upon  the  basis  of  function.  (1)  The  posterior  funiculus  or  column  is 
bounded  by  the  posterior  septum  and  the  line  of  the  dorsal  horn;  (2)  the  lateral  funiculus  or 
column  is  bounded  by  the  lateral  concavity  of  the  grey  column  and  the  lines  of  entrance  and  exit 
of  the  dorsal  and  ventral  roots;  (3)  the  ventral  funiculus  or  column  is  bounded  by  the  mesial  border 
of  the  ventral  horn  and  by  the  anterior  median  fissure. 

The  posterior  funiculus  or  column. — This  column  is  composed  of  two  general  va- 
rieties of  axones  arranged  in  five  fasciculi.  First,  and  constituting  the  predominant 
type  in  all  the  higher  segments  of  the  cord,  are  the  afferent  or  general  sensory  axones, 
which  arise  in  the  spinal  ganglia,  enter  the  cord  by  the  dorsal  roots,  assume  their  dis- 
tribution to  the  neurones  of  the  cord,  and  then  take  their  ascending  course  towards 
the  encephalon.  The  axone  of  the  spinal  ganglion  neurone  undergoes  a  T-shaped  divi- 
sion a  short  distance  from  the  cell-body,  one  limb  of  this  division  terminating  in  the 
peripheral  organs  and  the  other  going  to  form  the  dorsal  root.  Upon  entering  the  cord 
the  dorsal  root  axones  undergo  a  Y-shaped  bifurcation  in  the  neighbourhood  of  the 
dorsal  horn,  one  branch  ascending  and  the  other  descending.  Their  ascending 
branches  form  the  fasciculus  gracilis  (Goll's  column)  and  the  fasciculus  cunea- 
tus  (Burdach's  column).  These  fasciculi  are  the  chief  ascending  or  sensory  cerebro- 
spinal connections,  the  direct  sensory  path  to  the  cerebrum.  The  neurones  repre- 
sented in  them  constitute  the  first  link  in  the  neurone  chain  between  the  periphery 
of  the  body  and  the  cerebral  cortex.  In  threading  their  way  towards  the  brain, 
these  sensory  axones  tend  to  work  towards  the  mid-line.  Therefore  those  of  longer 
course  are  to  be  found  nearer  the  posterior  septum,  in  the  upper  segments  of  the  cord, 
than  those  axones  which  enter  the  cord  by  the  dorsal  roots  of  the  upper  segments. 
Thus  it  is  that  the  fasciculus  gracilis,  the  medial  of  the  two  fasciculi,  contains  the 
axones  which  arise  in  the  spinal  ganglia  of  the  sacral  and  lumbar  segments.  In  other 
words,  it  is  the  fasciculus  bearing  sensory  impulses  from  the  lower  limbs  to  the  brain, 
while  the  fasciculus  cuneatus,  the  lateral  of  the  two,  is  the  corresponding  pathway 
for  the  higher  levels.  Naturally,  there  is  no  fasciculus  cuneatus  as  such  in  the  lower 
segments  of  the  spinal  cord.  The  axones  being  much  blended  at  first,  it  is  only  in 
the  cervical  region  that  there  is  any  anatomical  demarcation  between  the  two  fas- 
ciculi. In  this  region  the  two  become  so  distinct  that  there  is  in  some  cases  an  ap- 
parent connective-tissue  septum  between  them,  continuing  inwards  from  the  postero- 
intermediate  sulcus — the  surface  indication  of  the  line  of  their  junction. 

Upon  reaching  the  medulla  oblongata  the  fibres  of  the  fasciculus  gracilis  and  the 
fasciculus  cuneatus  terminate  about  cells  grouped  to  form  the  nuclei  of  these  fasciculi. 
The  nucleus  of  the  fasciculus  gracilis  is  situated  medially  and  begins  just  below  the 
point  at  which  the  central  canal  opens  into  the  fourth  ventricle;  the  nucleus  of  the 
fasciculus  cuneatus  is  placed  laterally  and  extends  somewhat  higher  than  the  other 
nucleus.  The  neurones  whose  cell-bodies  compose  these  nuclei  constitute  the 
second  links  in  the  neurone  chains  conveying  sensory  impulses  from  the  periphery 
to  the  cerebral  cortex. 

The  descending  or  caudad  branches  of  the  dorsal  root  axones  are  concerned  wholly 
with  the  neurones  of  the  spinal  cord.  They  descend  varying  distances,  some  of  them 
as  much  as  four  segments  of  the  cord,  and  give  off  numerous  collaterals  on  their  way 
to  the  cells  of  the  grey  column.  Those  terminating  about  cell-bodies  of  the  ventral 
horn  which  give  rise  to  the  ventral  or  motor  root-fibres,  are  responsible  for  certain 
of  the  so-called  'reflex  activities'  and  thus  contribute  to  the  simplest  of  the  reflex 
arcs.  In  descending  they  serve  to  associate  different  levels  of  the  grey  substance 
of  the  cord  with  impulses  entering  by  way  of  a  single  dorsal  root.  Some  of  their  col- 
laterals cross  the  mid-line  in  the  posterior  white  commissure,  and  thus  become  con- 
nected with  neurones  of  the  opposite  side.  The  caudad  branches  of  longer  course 
are  scattered  throughout  the  ventral  portion  of  the  fasciculus  cuneatus  (middle  root 
zone),  but  show  a  tendency  to  collect  along  the  border-line  between  the  fasciculus 
cuneatus  and  the  fasciculus  gracilis,  and  thus  contribute  largely  to  the  comma- 
shaped  fasciculus.  Also  many  of  them  course  in  the  oval  bundle  or  septo- 
marginal root  zone. 


768 


THE  NERVOUS  SYSTEM 


The  ascending  branches  of  the  dorsal  root  axones  also  give  off  collaterals  to  the 
grey  substance  of  the  cord,  thus  extending  the  area  of  distribution  of  a  given  posterior 
nerve-root  to  levels  of  the  cord  above  the  region  at  which  the  root  enters. 

The  greater  number  of  the  terminations  of  dorsal  root  axones  within  the  spinal 
cord  are  concerned  with  neurones  other  than  those  contributing  ventral  root-fibres. 
The  greater  mass  of  the  neurones  concerned  are  those  contributing  the  fasciculi  proprii 
or  ground  bundles  of  the  spinal  cord,  or  the  second  variety  of  axones  composing  the 
posterior  funiculus.  The  latter  fasciculi  arise  from  the  smaller  cells  of  the  grey  column. 

Fig.  570. — Showing  Disposition  of  the  Dorsal  Root-fibres  Upon  Entering  Spinal  Cord. 

(From  Edinger.  after  Cajal.) 

A,  shows  dorsal  root  axones  DR,  entering  the  spina]  cord,  bifurcating  B.  and  giving  off  collat- 
erals C  to  the  neurones  of  the  cord.  B  shows  the  terminal  twigs  of  these  axones  or  of  their 
collaterals  displayed  upon  cell-bodies  of  the  grey  substance  of  the  cord. 


They  enter  the  surrounding  white  substance,  bifurcate  into  ascending  and  descend- 
ing branches,  which  in  their  turn  give  off  numerous  collaterals  to  the  cells  of  the 
grey  substance  of  the  levels  through  which  they  pass.  The  cell-bodies  giving  origin 
to  such  axones  are  so  numerous  that  the  entire  column  of  grey  substance  is  sur- 
rounded by  a  continuous  felt-work  of  axones  of  this  variety. 

The  dorsal  fasciculus  proprius  (anterior  root  zone  of  posterior  column)  arises 
chiefly  from  cells  situated  in  the  dorsal  horn  (stratum  zonalc).  Coincident  with  the 
ingrowth  and  arrangement  of  the  fasciculi  gracilis  and  cuneatus  many  fibres  of  the 
dorsal  fasciculus  proprius  go  to  form  both  the  oval  bundle  and  the  comma-shaped 
fasciculus.  Thus  these  two  bundles  are  mixed,  being  fasciculi  proprii  which  contain 
caudad  branches  of  dorsal  root  axones.  The  'median  triangle'  is  formed  by  the  con- 
tinuation of  the  dorsal  fasciculi  proprii  with  the  oval  or  septo-marginal  fasciculus. 
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Some  of  the  axones  of  the  dorsal  fasciculus  proprius  cross  the  mid-line  to  distribute 
impulses  to  the  neurones  of  the  opposite  side.  These  commissural  axones,  together 
with  certain  collaterals  of  the  dorsal  root  axones,  which  cross  the  mid-line  outside 
the  dorsal  white  commissure,  compose  the  so-called  cornu-commissural  tract  at 
the  base  of  the  posterior  septum. 

The  lateral  funiculus  or  column. — Not  all  the  axones  of  the  posterior  or  dorsal 
nerve-roots  extend  to  the  encephalon.  Estimation  shows  that  the  sum  of  all  the 
dorsal  roots  is  greatly  in  excess  of  the  sum  contained  in  the  fasciculi  cuneatus  and 
gracilis  just  before  these  enter  their  nuclei  of  termination.  Therefore  many  of  the 
ascending  dorsal  root  axones  are  concerned  with  spinal-cord  connections  wholly. 
The  marginal  zone  of  Lissauer,  situated  along  the  lateral  margin  of  the  postero- 
lateral sulcus,  is  composed  largely  of  dorsal  root  axones.  Many  of  these  finally  work 
across  the  line  of  the  sulcus  into  the  posterior  column.  Many  of  the  dorsal  root-fibres 
which  do  not  reach  the  brain  occur  in  Lissauer's  zone.  Many  others,  of  course,  occur 
throughout  the  posterior  column.  Lissauer's  zone  also  contains  some  fibres  arising 
from  the  small  cells  of  the  dorsal  horn,  and  to  this  extent  corresponds  to  a 
fasciculus  proprius. 

The  lateral  fasciculus  proprius  (lateral  ground  bundle,  lateral  limiting  layer) 


Fig.  571. — Schematic  Representation  op  the  Shape  and  Position  op  the  Various  Fascic- 
uli or  Conduction  Paths  op  the  Spinal  Cord  and  the  Grouping  and  Significance  op 
the  Cell-bodies  of  the  Grey  Substance.  (Compiled  from  the  schemes  of  von  Lenhos- 
sek  and  Held.) 
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is  situated  in  the  lateral  concavity  of  the  grey  column  and  is  continuous  with  the 
other  fasciculi  proprii  both  dorsal  and  ventral.  Beyond  that  it  probably  does  not 
contain  commissural  axones,  it  is  of  the  same  general  significance  as  the  others. 
It  is  frequently  divided  into  small  bundles  by  the  reticular  formation. 

The  lateral  cerebro-spinal  fasciculus  (crossed  pyramidal  tract).  In  contrast 
to  the  sensory  fibres  passing  through  the  spinal  cord  to  the  cerebral  cortex,  axones 
are  given  off  from  the  pyramidal  cells  of  the  cortex,  which  descend  to  terminate 
about  the  cells  of  the  grey  substance  of  the  spinal  cord,  chiefly  the  cells  which  give 
origin  to  the  ventral  root-fibres.  Upon  reaching  the  medulla  oblongata  in  their 
descent,  these  axones  are  accumulated  into  two  well-defined,  ventrally  placed  bun- 
dles, the  pyramids,  one  from  each  cerebral  hemisphere.  In  passing  through  the 
brain  stem  the  pyramids  contribute  many  fibres  to  the  motor  nuclei  of  the  cranial 
nerves,  and  thus  decrease  appreciably  in  bulk.  According  to  the  estimate  of 
Thompson,  about  160,000  of  the  pyramidal  fibres  are  destined  to  enter  the  spinal 
cord. 

Upon  reaching  the  lower  part  of  the  medulla,' the  greater  mass  of  the  fibres  of 
each  pyramid,  which  are  destined  to  enter  the  cord,  suddenly  cross  the  mid-line  in 
the  'decussation  of  the  pyramids.'    The  remainder  retain  their  ventral  position  in 
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their  descent  of  the  cord.  The  crossed  pyramidal  fibres  course  in  the  lateral  column 
ventral  to  Lissauer's  zone,  and  lateral  to  the  lateral  fasciculus  proprius,  and  form 
the  lateral  cerebrospinal  fasciculus  (crossed  pyramidal  tract).  It  is  a  large  fas- 
ciculus, oval  shaped  in  transection,  and  since  its  axones  terminate  in  the  grey  column 
of  the  cord  all  along  its  length,  it  decreases  in  bulk  as  the  cord  is  descended. 

In  addition  to  the  three  dispositions  of  the  dorsal  root  axones  given  above,  cer- 
tain of  them,  either  by  collaterals  or  terminal  twigs,  form  end-brushes  about  the 
cells  of  the  nucleus  dorsalis  (Clarke's  column).  The  axones  given  off  by  these  cells 
pass  to  the  dorso-lateral  periphery  of  the  lateral  funiculus,  and  there  collect  to  form 
the  cerebello-spinal  fasciculus  (direct  cerebellar  tract  of  Flechsig).  As  such  they 
ascend  without  interruption,  and  in  the  upper  level  of  the  medulla  oblongata  pass 
into  the  cerebellum  by  way  of  the  inferior  cerebellar  peduncle  or  restiform  body. 
Necessarily,  this  fasciculus  is  not  evident  in  levels  below  the  extent  of  the  nucleus 
dorsalis. 

Also  situated  superficially  in  the  lateral  funiculus  is  another  ascending  conduc- 
tion path,  and,  like  the  cerebello-spinal  fasciculus,  to  which  it  is  adjacent,  it  is  also 
in  part  at  least  a  cerebellar  connection.  Its  position  suggests  its  name,  super- 
ficial ventro-lateral  fasciculus  (Gowers'  tract).  This  tract  at  present  does  not 
include  as  great  an  area  in  transverse  section  as  when  originally  described.  The 
more  internal  portion  of  the  original  Gowers'  tract  is  now  given  a  separate  signifi- 
cance, and  will  be  considered  separately.  While  the  exact  location  in  the  grey 
column  of  all  the  cell-bodies  giving  origin  to  the  superficial  antero-lateral  fasciculus 
is  uncertain,  it  is  known  that  certain  ventral  horn  cells  contribute  their  axones  to  it. 
Many  of  its  cells  of  origin  are  scattered  in  the  area  immediately  ventral  to  the 
nucleus  dorsalis,  others  in  the  intermediate  and  mesial  portion  of  the  lateral  group 
of  ventral  horn  cells.  In  the  lumbar  region  these  cells  are  quite  numerous,  and, 
therefore,  the  fasciculus  begins  at  a  lower  level  in  the  spinal  cord  than  does  the 
direct  cerebellar  tract.  In  degenerations  it  becomes  visible  in  the  upper  segments 
of  the  lumbar  region,  and  has  been  proved  to  increase  notably  in  volume  as  the 
cord  is  ascended.  Its  axones  arise  for  the  most  part  directly  from  cell-bodies  of 
the  same  side  of  the  cord,  though  it  has  been  shown  by  several  investigators  that 
some  of  its  axones  come  from  the  grey  substance  of  the  opposite  side  by  way  of 
the  ventral  white  commissure.  Terminal  twigs  and  collaterals  of  the  posterior  root- 
fibres,  mostly  of  the  same  side,  but  occasionally  from  the  opposite  side,  terminate 
about  its  cells  of  origin.  At  one  time  Gowers'  tract  was  considered  an  entity,  but 
now,  even  in  the  more  limited  area  it  occupies,  it  must  be  considered  a  mixture  of 
axones  of  several  terminal  destinations  or  distinct  neurone  systems.  The  destina- 
tion of  some  of  its  axones  has  not  been  determined  with  certainty.  A  portion  go 
to  the  cerebellum,  and  there  have  been  traced  to  the  cortex  of  the  superior  vermis. 
Most  of  these  reach  the  cerebellum  not  by  way  of  the  restiform  body,  as  does  the 
lateral  cerebello-spinal  tract,  but  pass  on  in  the  brain-stem  to  the  level  of  the  infer- 
ior corpora  quadrigemina,  and  there  turn  back  to  join  the  brachium  conjunctivum 
or  superior  cerebellar  peduncle.  (Auerbach,  Mott,  Hoche.)  Only  a  few  of  its 
axones  leave  the  fasciculus  lower  down  in  the  medulla,  to  enter  the  cerebellum 
by  way  of  the  restiform  body,  in  company  with  the  lateral  cerebello-spinal  tract. 
(Rossolimo,  Tschermak.)  Another  portion  of  its  axones  are  thought  to  reach 
the  cerebrum,  probably  the  nucleus  lentiformis,  though  it  has  not  been  positively 
traced  further  than  the  superior  corpora  quadrigemina.  Many  axones  in  Gowers' 
tract  of  the  cord  correspond  to  those  of  the  fasciculi  proprii,  and  merely  run 
varying  distances  in  the  cord,  to  turn  again  into  its  grey  substance.  Schaeffer 
followed  some  of  these  from  the  lumbar  region  up  to  the  level  of  the  second  cervical 
nerve. 

In  the  ventral  border  of  Gowers'  tract  and  immediately  upon  the  periphery, 
near  the  anterior  lateral  sulcus  (exit  of  ventral  nerve-roots),  there  is  found  in  the 
higher  segments  of  the  cord  a  small  oval  bundle,  the  olivary  fasciculus  or  Helweg's 
(Bechterew's)  bundle.  The  functional  direction  of  its  fibres  has  not  been  settled. 
It  is  asserted  to  be  a  connection  of  the  olive  in  the  medulla  oblongata,  and  in  the 
cord  is  believed  to  be  connected  with  the  cells  of  the  ventral  column  of  grey  sub- 
stance, probably  those  of  the  lateral  horn.  By  some  observers  it  has  been  traced  as 
far  down  as  the  mid-thoracic  region;  by  others,  however,  only  as  far  as  the  third 
cervical  segment.  The  olives  being  nuclei  largely  concerned  with  cerebellar  con- 
nections, Helweg's  fasciculus  is  probably  an  indirect  cerebellar  connection  with  the 
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spinal-cord  neurones.  It  is  composed  of  fibres  of  relatively  very  small  diameter,  and 
it  is  one  of  the  last  fasciculi  of  the  cord  to  become  medullated. 

Situated  between  the  superficial  ventro-lateral  cerebello-spinal  fasciculus  and  the 
lateral  fasciculus  proprius  is  an  area  which,  in  transverse  section,  by  position,  may 
be  referred  to  as  the  intermediate  fasciculus  (mixed  lateral  zone).  It  contains  a 
mixture  of  at  least  four  varieties  of  axones: — (1)  It  is  said  to  contain  descending 
fibres  from  the  cerebellum,  to  connect  with  the  neurones  of  the  spinal  cord,  prob- 
ably the  ventral  root  or  motor  neurones;  (2)  fibres  from  the  red  nucleus  of  the 
tegmentum  (in  the  mesencephalon),  which  probably  form  indirect  cerebellar  connec- 
tions with  the  spinal-cord  neurones ;  (3)  fibres  from  Deiters'  nucleus  or  the  nucleus 
lateralis  of  the  vestibular  nerve,  in  the  upper  portion  of  the  medulla  oblongata,  thus 
connecting  the  spinal-cord  neurones  with  the  auditory  apparatus;  (4)  the  most 
lateral  portion  of  the  intermediate  fasciculus,  the  region  at  one  time  included  in 
Gowers'  tract,  contains  fibres  from  the  corpora  quadrigemina  and  the  thalamus, 
thus  probably  connecting  the  spinal  cord  with  the  optic  apparatus  as  well  as  with 
the  auditory.  These  fibres  are  thought  to  terminate  chiefly  in  contact  with  the 
neurones  of  the  fasciculi  proprii,  but  to  some  extent  directly  with  those  giving  origin 
to  the  ventral  or  motor  nerve-roots.  A  portion  of  the  intermediate  fasciculus  has 
been  designated  as  LoewenthaV s  tract. 

The  anterior  funiculus  or  column. — The  intermediate  fasciculus  is  continued 
ventrally  and  mesially  across  the  line  of  exit  of  the  ventral  root  axones,  and  thus  into 
the  anterior  funiculus.  This  portion  is  also  mixed,  but  its  axones  of  long  course 
connect  somewhat  different  portions  of  the  nerve  axis  from  those  connected  by  the 
more  lateral  portion.  According  to  the  studies  of  Flechsig,  von  Bechterew,  and 
Held,  this  mesial  portion  contains  fibres,  both  ascending  and  descending,  which  con- 
nect the  various  levels  of  the  grey  substance  of  the  spinal  cord  with  the  reticular 
formation  of  the  medulla  oblongata.  The  levels  to  which  they  have  been  traced 
contain  the  olivary  nuclei,  which  are  largely  concerned  in  cerebellar  connections, 
and  the  nuclei  of  the  tenth,  ninth,  eighth,  seventh,  and  the  spinal  tract  of  the  fifth 
cranial  nerves.  Also  they  are  probably  associated  with  the  nuclei  of  the  eye-moving 
nerves.  This  portion  of  the  intermediate  fasciculus  also  grades  into  and  is  mixed 
with  the  axones  of  the  ventral  fasciculus  proprius,  as  is  its  lateral  portion  with 
the  lateral  fasciculus  proprius.  In  other  words,  the  fasciculi  proprii  proper,  the 
axones  nearest  the  grey  substance,  serve  for  the  intersegmental  association  of  the 
different  levels  of  the  grey  substance  of  the  cord,  while  the  intermediate  fasciculus 
contains  axones  of  longer  course  which  serve  to  associate  more  distant  levels  of  the 
grey  substance  of  the  nerve  axis — that  of  the  spinal  cord  with  its  upward  continua- 
tion into  the  brain-stem. 

The  anterior  marginal  fasciculus  (vestibulo-spinal  tract,  Loewenthal's  tract) 
forms  the  superficial  boundary  of  the  mesial  portion  of  the  intermediate  fasciculus. 
It  is  a  narrow  band,  parallel  with  the  surface  of  the  cord,  and  extends  mesially  from 
the  mesial  extremity  of  Gowers'  tract  (from  Helweg's  bundle)  to  the  beginning  of 
the  anterior  median  fissure.  The  axones  belonging  to  it  proper  are  descending  from 
the  recipient  nuclei  of  the  vestibular  division  of  the  auditory  nerve.  Of  these  nuclei 
it  has  been  held  by  some  investigators  that  only  Deiters'  nucleus  (in  the  upper  ex- 
tremity of  the  medulla  oblongata)  gives  origin  to  the  axones  of  the  anterior  mar- 
ginal fasciculus.  Others  agree  with  Tschermak  that  the  superior  and  more  laterally 
situated  Bechterew' s  nucleus  of  the  vestibular  nerve  also  contributes  axones  to  it. 
More  recent  investigations  have  shown  that,  in  part  at  least,  the  anterior  marginal 
fasciculus  comes  from  the  nucleus  fastigii  (roof  nucleus)  of  the  cerebellum.  Since 
many  axones  from  both  Deiters'  and  Bechterew's  nucleus  terminate  in  the  nucleus 
fastigii,  the  anterior  marginal  fasciculus  is,  in  any  case,  a  conduction  path  from  the 
vestibular  portion  of  the  auditory  apparatus  to  the  grey  substance  of  the  spinal 
cord.  The  fasciculus  is  said  to  extend  as  far  as  the  sacral  region  of  the  cord,  its 
axones  terminating  about  the  cells  of  the  ventral  horns. 

The  ventral  cerebro-spinal  fasciculus  (anterior  or  direct  pyramidal  tract), 
as  stated  above,  is  the  uncrossed  portion  of  the  descending  cerebro-spinal  system  of 
neurones.  It  is  a  small,  oblong  bundle,  situated  mesially  in  the  anterior  funiculus, 
parallel  with  the  anterior  median  fissure.  Like  the  lateral  cerebro-spinal  fasciculus 
(crossed  pyramidal  tract) ,  its  axones  arise  from  the  large  pyramidal  cells  of  the  motor 
or  somsesthetic  area  of  the  cerebral  cortex,  and  transmit  their  impulses  to  the  neu- 
rones of  the  ventral  horns  of  the  grey  substance  of  the  spinal  cord,  and  almost 
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entirely  to  those  neurones  which  give  origin  to  the  ventral  or  motor  roots.  It  repre- 
sents merely  a  delayed  decussation  of  the  pyramidal  fibres,  for  instead  of  crossing 
to  the  opposite  side  in  the  lower  portion  of  the  medulla  oblongata,  as  do  the  fibres 
of  the  lateral  fasciculus,  its  fibres  decussate  all  along  its  course,  crossing  in  the  ven- 
tral white  commissure  and  in  the  commissural  bundle  of  the  cord  to  terminate  about 
the  ventral  horn  cells  of  the  opposite  side.  Hoche,  employing  Marchi's  method, 
found  that  a  few  of  its  fibres  terminate  in  the  ventral  horn  of  the  same  side.  This 
conforms  to  the  pathological  and  experimental  evidence  that  there  are  homolateral 
or  uncrossed  fibres  in  the  crossed  pyramidal  tracts  also.  Like  the  crossed  tract,  the 
ventral  pyramidal  tract  diminishes  rapidly  in  volume  as  it  descends  the  cord.  Its 
loss  is  greatest  in  the  cervical  enlargement,  and  it  is  entirely  exhausted  in  the 
thoracic  cord.  With  the  exception  of  the  monkey,  none  of  the  mammalia  below 
man,  which  have  been  investigated,  possess  this  ventral  pyramidal  tract. 

Lying  between  the  ventral  cerebro-spinal  fasciculus  and  the  pia  mater  of  the  ante- 
rior median  fissure  is  a  thin  tract  of  descending  axones  continuous  ventrally  with  the 
anterior  marginal  fasciculus.  From  its  position  it  is  known  as  the  sulco-marginal 
fasciculus.  The  extent  of  its  course  in  the  spinal  cord  is  uncertain.  It  arises  from 
the  cells  of  the  grey  substance  of  the  superior  pair  of  the  corpora  quadrigemina,  and 
there,  in  largest  part  at  least,  it  crosses  the  mid-line,  and  in  the  so-called  'optic 
acoustic  reflex  path'  descends  through  the  medulla  oblongata  into  the  spinal  cord  of 
the  opposite  side. 

The  commissural  bundle  is  situated  about  the  floor  of  the  anterior  median  fis- 
sure, and  is  the  most  dorsal  tract  of  the  anterior  funiculus.  It  contains  decussating 
or  commissural  axones  of  three  varieties: — (1)  It  contains  the  decussating  axones 
of  the  ventral  cerebro-spinal  fasciculus  throughout  the  extent  of  that  fascicu- 
lus; (2)  it  is  chiefly  composed-  of  the  axones  of  the  ventral  fasciculus  pro- 
prius  which  arise  in  the  grey  substance  (ventral  horn)  of  one  side,  cross  the 
mid-line  as  commissural  fibres,  and  course  both  upwards  and  downwards  to  be  dis- 
tributed to  the  neurones  of  different  levels  of  the  grey  substance  of  the  opposite  side ; 
(3)  it  contains  decussating  axones  which  arise  from  cell-bodies  in  the  grey  substance 
of  one  side  and  cross  the  mid-line  to  terminate  about  cell-bodies  in  practically  the 
same  level  of  the  opposite  side.  The  latter  are  merely  axones  belonging  to  the  ven- 
tral white  commissure  which  course  without  the  confines  of  the  grey  figure.  The 
commissural  bundle  is  present  throughout  the  length  of  the  spinal  cord,  and  is 
largest  in  the  enlargements,  i.  e.,  where  the  association  and  commissural  neurones 
occur  in  greater  number  generally.  In  its  two  last-mentioned  varieties  of  axones 
it  corresponds  to  the  commissural  portion  of  the  dorsal  fasciculus  proprius. 

The  ventral  fasciculus  proprius  is  but  a  continuation  of  the  lateral  fasciculus 
proprius,  and  is  composed  of  ascending  and  descending  association  fibres  of  the 
same  general  significance. 


SUMMARY  OF  THE  SPINAL  CORD 

The  spinal  cord  contains  two  general  classes  of  axones  arranged  into  three  gen- 
eral systems.  It  contains  axones  which — (1)  enter  it  from  cell-bodies  situated  out- 
side its  boundaries,  i.  e.,  in  the  spinal  ganglia  and  in  the  encephalon,  and  (2)  axones 
which  arise  from  cell-bodies  situated  within  its  own  grey  substance,  some  of  which 
axones  pass  outside  its  boundaries  both  to  the  periphery  and  into  the  encephalon ; 
some  of  which  remain  wholly  within  it.  Its  axones  comprise — (1)  a  cerebro-spinal 
system,  ascending  and  descending;  (2)  a  cerebello-spinal  system,  ascending  and 
descending,  and  (3)  a  system  for  the  intersegmental  association  of  its  grey  sub- 
stance, both  ascending  and  descending,  association  proper  and  commissural. 

For  these  relations  the  grey  substance  of  the  cord  contains  three  general  classes 
of  nerve-cells: — (1)  those  which  give  rise  to  the  peripheral  efferent  or  motor  axones 
of  the  ventral  roots;  (2)  those  which  give  rise  to  central  axones  of  long  course,  those 
going  to  the  encephalon,  and  (3)  those  which  supply  its  central  axones  of  shorter 
course,  the  association  and  commissural  systems. 

In  transverse  sections  of  the  spinal  cord  the  relative  area  of  white  substance  as 
compared  with  that  of  the  grey  increases  as  the  cord  is  ascended.    The  absolute  area 
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Fig.  572. — Schematic  Representation  of  the  More  Important  Architectural  Relations 

of  Neurones  in  the  Spinal  Cord. 

a  afferent  (spinal  ganglion)  axone  to  cerebrum  with  bifurcation  and  caudad  branch;  b,  afferent 
axone  coursing  in  Lissauer's  zone  and  distributed  wholly  within  the  cord;  c,  collaterals  of 
a  and  b  disposed  in  three  ways;  p,  pyramidal  axone  in  lateral  (crossed)  cerebro-spinal  fas- 
ciculus distributed  to  levels  of  grey  substance;  pa,  axone  in  ventral  cerebro-spinal  fasciculus 
decussating  before  termination;  y,  ventral  root  or  motor  neurones;  n,  nucleus  dorsalis  giv- 
ing axone  to  cerebello-spinal  fasciculus;  g,  ascending  neurones  of  Cowers'  tract;  d,  descend- 
ing axone  from  cerebellum;  fp,  neurones  of  fasciculi  proprii  association  proper;  h,  commis- 
sural neurones;  e,  Golgi  cell  of  type  II. 


a  v  v 


pa- 
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of  each  varies  with  the  locality,  both  being  greatest  in  the  enlargements.  The  grey 
substance  predominates  in  the  conus  medullaris  and  lower  lumbar  segments.  The 
white  substance  begins  to  predominate  in  the  upper  lumbar  segments,  not  because  of 
the  increased  presence  of  cerebro-  and  cerebello-spinal  axones,  but  because  of  the 
increased  volume  of  the  fasciculi  proprii  coincident  with  the  greater  mass  of  grey 
substance  to  be  intersegmentally  associated  in  this  region.    In  the  thoracic  region  the 


Fig.  573. — Graphic  Representation  of  the  Varying  Amounts  of  Grey  and  White  Sub- 
stance AND  OF  THE  VARIATIONS  IN  AREA  OF  ENTIRE  SECTIONS  OF  THE  DIFFERENT  SEGMENTS 

of  the  Spinal  Cord.    (From  Donaldson  and  Davis.) 

(Based  upon  measurements  from  several  adult  human  spinal  cords.) 


Curves  showing  area  of  cross  seel  ion  of  human  spinal  cord. 
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predominating  white  substance  is  composed  mostly  of  the  axones  of  long  course.  The 
greatly  increased  amount  of  white  substance  in  the  cervical  region  is  due  both  to  the 
greater  accumulation  of  cerebro-  and  cerebello-spinal  axones  in  this  region  and  to 
the  increased  volume  of  the  fasciculi  proprii  of  the  cervical  enlargement. 


ORDER  OF  MEDULLATION  OF  THE  FASCICULI  OF  THE  CORD 

The  axones  of  the  spinal  cord  begin  to  acquire  their  myelin  sheaths  during  the 
fifth  month  of  intra-uterine  life.  In  general,  axones  which  have  the  same  origin  and 
the  same  locality  of  termination — the  same  function — acquire  their  sheaths  at  the 
same  time.  While  it  has  been  proved  that  the  medullary  sheath  does  not  necessarily 
precede  the  functioning  of  an  axone,  it  may  be  said  that  those  fasciculi  which  first  at- 
tain complete  and  definite  functional  ability  are  the  first  to  become  medullated.  At 
birth  all  the  fasciculi  of  the  spinal  cord  are  medullated  except  Hehveg's  fasciculus, 
and  occasionally  the  pyramidal  tracts.  As  indicated  by  their  medullation,  those 
axones  by  which  the  cord  is  enabled  to  function  as  an  organ  per  se,  that  is,  the 
axones  making  possible  the  simpler  reflex  activities,  complete  their  development 
before  those  axones  which  involve  the  brain  with  the  activities  of  the  cord. 

According  to  Flechsig  and  van  Gehuchten,  and  investigators  succeeding  them, 
the  following  is  the  order  in  which  the  axones  of  the  cord  become  medullated: — 

(1)  The  afferent  and  efferent  nerve-roots  and  commissural  fibres  of  the  grey  sub- 
stance. 

(2)  The  fasciculi  proprii,  first  the  ventral,  then  the  lateral,  and  last  the  dorsal, 
fasciculus  proprius. 

(3)  The  fasciculus  cuneatus  (Burdach's  column)  and  Lissauer's  zone — the  area 
of  those  ascending  cerebro-spinal  fibres  which  run  the  shorter  course. 

(4)  Fasciculus  gracilis  (doll's  column). 

(5)  The  cerebello-spinal  fasciculus  (direct  cerebellar  tract). 

(6)  The  superficial  antero-lateral  fasciculus  (dowers'  tract). 

(7)  The  lateral  cerebro-spinal  fasciculus  (crossed  pyramidal)  and  the  ventral 
cerebro-spinal  fasciculus  (direct  pyramidal  tract). 

(8)  Helweg's  (Bechterew's)  fasciculus. 
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The  axones  descending  from  the  cerebellum  and  the  brain-stem  are  so  mixed  with 
other  axones  that  it  is  difficult  to  determine  the  sequence  of  their  medullati'on.  The 
fasciculi  containing  them  also  contain  axones  of  the  variety  in  the  fasciculi  proprii 
and  so  show  medullation  early.  It  is  probable  that  the  ascending  cerebellar  fibres 
acquire  their  myelin  earlier  than  the  descending. 

Blood  Supply  of  the  Spinal  Cord. 

The  spinal  rami  of  the  sacral,  lumbar,  intercostal,  or  vertebral  arteries,  as  the  case  may  be, 
accompany  the  spinal  nerves  through  the  intervertebral  foramina,  traverse  the  dura  mater  and 
arachnoid,  and  each  divides  into  a  dorsal  and  a  ventral  radicular  artery.  These  accompany  the 
nerve-roots  to  the  surface  of  the  cord,  and  there  break  up  into  an  anastomosing  plexus  in  the  pia 
mater.  From  this  plexus  are  derived  three  tortuously  coursing  longitudinal  arteries  and  numer- 
ous independent  central  branches,  which  latter  penetrate  the  cord  direct.  Of  the  longitudinal 
arteries,  the  anterior  spinal  artery  zigzags  along  the  anterior  median  fissure  and  gives  off  the 
anterior  central  branches,  which  pass  into  the  fissure  and  penetrate  the  cord.  These  branches 
give  off  a  few  twigs  to  the  white  substance  in  passing,  but  their  most  partial  distribution  is  to 
the  ventral  portion  of  the  grey  substance.  The  two  posterior  spinal  arteries,  one  on  each  side, 
course  along  the  lines  of  entrance  of  the  dorsal  root-fibres.    They  each  branch  and  anastomose, 


Fig.  574. — Semi-diagrammatic  Representation  of  the  Blood  Supply  of  the  Spinal  Cord. 
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so  that  often  two  or  more  posterior  arteries  may  appear  in  section  upon  either  side  of  the  dorsal 
root.  These  give  off  transverse  or  central  twigs  to  the  white  substance,  but  especially  to  the 
grey  substance  of  the  dorsal  horns.  Of  the  remaining  central  branches  many  enter  the  cord 
along  the  efferent  fibres  of  the  ventral  roots,  and  are  distributed  chiefly  to  the  grey  substance; 
others  from  the  peripheral  plexus  throughout  penetrate  the  cord  and  break  up  into  capillaries 
within  the  white  substance.  Some  of  the  terminal  twigs  of  these  also  enter  the  grey  substance. 
The  blood  supply  of  the  grey  substance  is  so  much  more  abundant  than  that  of  the  white  sub- 
stance that  in  injected  preparations  the  outline  of  the  grey  figure  may  be  easily  distinguished 
by  its  abundance  of  capillaries  alone.  The  central  branches  are  of  the  terminal  variety,  that 
is,  their  capillaries  do  not  anastomose  with  those  of  other  branches.  In  the  white  substance 
the  capillaries  run  for  the  most  part  longitudinally,  or  parallel  with  the  axones. 

The  venous  system  is  quite  similar  to  the  arterial.  The  blood  of  the  central  arteries  is  col- 
lected into  corresponding  central  venous  branches  which  converge  into  a  superficial  venous 
plexus  in  which  are  six  main  longitudinal  channels,  one  along  the  posterior  median  sulcus,  one 
along  the  anterior  median  fissure,  and  one  along  each  of  the  four  lines  of  the  nerve-roots. 
These  comprise  the  dorsal  and  ventral  external  spinal  veins. 

The  internal  spinal  veins  course  along  the  ventral  surface  of  the  grey  commissure,  and  arise 
from  the  convergence  of  certain  of  the  twigs  of  the  anterior  central  vein.  The  posterior  central 
vein  courses  along  the  posterior  median  septum  in  company  with  the  posterior  central  artery,  and 
empties  into  the  median  dorsal  vein.  The  venous  system  communicates  with  the  coarser 
extra-dural  or  internal  vertebral  plexus  chiefly  by  way  of  the  radicular  veins. 
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THE  BRAIN  OR  ENCEPHALON 

The  brain  is  that  greatly  modified  and  enlarged  portion  of  the  central  nervous 
system  which  is  enclosed  within  the  cranial  cavity.  It  is  surrounded  and  supported 
by  the  same  three  membranes  (meninges)  that  envelope  the  spinal  cord.  While  there 
is  a  considerable  subdural  space,  the  brain  more  nearly  fills  its  cavity  than  does  the 
spinal  cord.  Exclusive  of  its  dura  mater,  it  weighs  from  1100  to  1700  gm.  (40-60 
oz.),  varying  in  weight  with  the  stature  of  the  individual  or  with  the  bulk  of  the  tis- 
sues to  be  innervated.  Its  average  weight  is  1360  gm.  (48  oz.)  in  males  and  1250  gm. 
(44  oz.)  in  females.  It  averages  about  fifty  times  heavier  than  the  spinal  cord,  or 
about  98  per  cent,  of  the  entire  cerebro-spinal  axis.  In  its  precocious  growth  it  is  at 
birth  relatively  much  larger  than  at  maturity.  At  birth  it  comprises  about  12  per 
cent,  of  the  total  body-weight,  while  at  maturity  it  averages  only  about  2  per  cent, 
of  the  weight  of  the  body.  Its  proportion  to  the  body-weight  averages  somewhat 
higher  in  smaller  individuals.    Its  specific  gravity  averages  1.036. 


Fig.  575. — Mesial  Section  of  the  Head  of  a  Female  Thirty-five  Years  Old. 


The  differences  between  the  meninges  of  the  brain  and  those  of  the  spinal  cord  occur  chiefly 
in  the  dura  mater.  (1)  The  dura  mater  is  about  double  the  thickness  of  that  of  the  spinal  cord, 
and  consists  of  two  closely  adhering  layers,  the  outermost  of  which  serves  as  the  internal  peri- 
osteum of  the  cranial  bones.  (2)  The  inner  layer  is  duplicated  in  places  into  strong  partitions 
which  extend  between  the  great  natural  divisions  of  the  encephalon.  Of  these,  the  sickle-shaped 
Jalx  cerebri  extends  between  the  hemispheres  of  the  cerebrum,  the  crescentic  tentorium  cerebclh 
extends  between  the  cerebellum  and  the  overlapping  posterior  portion  of  the  cerebrum,  and  the 
smaller  falx  cerebelli  occupies  the  notch  between  the  hemispheres  of  the  cerebellum.  Contained 
within  these  partitions  of  the  dura  mater  are  the  great  collecting  venous  sinuses  of  the  brain. 
These  will  be  considered  in  the  more  detailed  description  of  the  cranial  meninges. 

General  topography— In  its  dorsal  aspect  or  convex  surface  the  encephalon 
is  oval  in  contour,  with  its  frontal  pole  usually  narrower  than  its  occipital  pole. 
Viewed  from  above,  the  cerebrum  comprises  almost  the  entire  dorsal  aspect,  the 
occipital  lobes  overlapping  the  cerebellum  to  such  an  extent  that  only  the  lateral 
and  lower  margins  of  the  cerebellar  hemispheres  are  visible.  The  great  longitu- 
dinal fissure  of  the  cerebrum,  separating  the  cerebral  hemispheres,  begins  on  the 
ventral  surface  of  the  occipital  lobes  and  extends  anteriorly  and  ventrally  between 
the  frontal  lobes,  so  as  to  be  evident  on  the  base  of  the  brain. 
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Laterally  the  temporal  lobes,  with  their  rounded  anterior  extremities,  the  tem- 
poral poles,  are  each  separated  from  the  frontal  and  parietal  lobes  above  by  the 
lateral  cerebral  fissure  (fissure  of  Sylvius).  In  the  depths  of  this  fissure  and  over- 
lapped by  the  temporal  lobe  is  situated  the  insula,  or  island  of  Reil  (central  lobe). 

The  surface  of  each  cerebral  hemisphere  is  thrown  into  numerous  folds  or  curved 
elevations,  the  gyri  cerebri  or  convolutions,  which  are  separated  from  each  other  by 
slit-like  fissures,  the  sulci  cerebri.  The  gyri  (and  sulci)  vary  greatly  in  length  and 
in  their  degrees  of  curvature.  The  larger  and  deeper  of  them  are  similar  in  the  two 
hemispheres;  most  of  them  are  individually  variable,  but  each  gyrus  of  one  hemi- 
sphere is  homologous  with  that  of  the  like  region  of  the  other  hemisphere.  By  gently 
pressing  open  the  great  longitudinal  fissure,  the  corpus  callosum,  the  chief  com- 
missural pathway  between  the  cerebral  hemispheres,  may  be  seen.  The  occipital 
margin  of  this  large  transverse  band  of  white  substance  is  rounded  and  thickened 
into  the  splenium  of  the  corpus  callosum,  while  its  frontal  margin  is  curved  ventrally 
into  the  genu. 

The  base  of  the  encephalon  is  more  irregular  than  the  convex  surface,  and  con- 
sists of  a  greater  variety  of  structures.  In  the  mid-line  between  the  frontal  lobes 
appears  the  anterior  and  inferior  extension  of  the  great  longitudinal  fissure.  When 
the  margins  of  this  are  separated,  the  outer  aspect  of  the  rostrum  of  the  corpus 
callosum,  the  downward  continuation  of  the  curve  of  the  genu,  is  exposed. 

The  inferior  surface  of  each  frontal  lobe  is  concave,  due  to  its  compression  upon 
the  superior  wall  of  the  orbit.  The  orbital  gyri  with  their  respective  orbital  sulci 
occupy  this  concave  area. 

The  cranial  nerves  (nervi  cerebrales). — Along  the  mesial  border  of  each  orbital 
area,  and  parallel  with  the  great  longitudinal  fissure,  lie  the  olfactory  bulbs  con- 
tinued into  the  olfactory  tracts.  Each  olfactory  bulb  is  the  first  central  connec- 
tion or  'nucleus  of  reception  '  of  the  olfactory  nerve,  the  first  of  the  twelve  cranial 
nerves.  A  few  fine  filaments  of  this  nerve  may  often  be  discerned  penetrating  the 
ventral  surface  of  the  bulb.  They  are  non-medullated.  The  olfactory  bulb  and  tract 
lies  in  the  olfactory  sulcus,  which  forms  the  lateral  boundary  of  the  gyrus  rectus,  the 
most  mesial  gyrus  of  the  inferior  surface  of  the  frontal  lobe.  Upon  reaching  the 
area  of  Broca  (area  parolfactoria) ,  or  the  region  about  the  inner  extremity  of  the 
gyrus  rectus,  each  olfactory  tract  undergoes  a  slight  expansion,  the  olfactory  tuber- 
cle, and  then  divides  into  three  roots  or  olfactory  striae — a  medial,  an  intermediate, 
and  a  lateral,  which  comprise  the  olfactory  trigone.  The  stria;  begin  their  respec- 
tive courses  upon  the  anterior  perforated  substance,  an  area  which  contains 
numerous  small  foramina  through  which  the  antero-lateral  group  of  central  cerebral 
arteries  enters  the  brain.  This  region  forms  the  anterior  boundary  of  that  area  of 
the  basis  encephali  in  which  the  substance  of  the  brain  becomes  continuous  across 
the  mid-line. 

At  the  inner  boundary  of  the  anterior  perforated  substance  the  optic  nerves 
(the  second  pair  of  cranial  nerves)  come  together  and  fuse  to  form  the  optic  chiasma. 
Thence  the  optic  tracts  disappear  under  the  poles  of  the  temporal  lobes  in  their  back- 
ward course  to  the  thalami  and  corpora  geniculata  or  metathalami. 

Immediately  behind  the  optic  chiasma  occurs  that  diverticulum  from  the  floor 
of  the  third  ventricle  known  as  the  tuber  cinereum.  It  is  connected  by  its  tubular 
stalk,  the  infundibulum,  with  the  hypophysis  or  pituitary  body,  which  occupies 
its  special  depression  (sella  turcica)  in  the  floor  of  the  cranium  and  is  usually  torn 
from  the  encephalon  in  the  process  of  its  removal.  Behind  the  tuber  cinereum  are 
the  two  mammillary  bodies  (corpora  albicantia),  each  of  which  is  the  superficial 
evidence  of  the  fornix,  one  of  the  larger  association  fasciculi  of  the  cerebrum.  The 
peduncles  of  the  cerebrum  (crura  cerebri)  are  the  two  great  funiculi  which  connect 
the  cerebral  hemispheres  with  all  the  structures  below  them.  They  diverge  from  the 
anterior  border  of  the  pons  (Varolii)  and,  one  for  each  hemisphere,  disappear  under 
the  poles  of  the  temporal  lobes.  The  pons  (brachium  pontis  or  middle  cerebellar 
peduncle)  is  chiefly  a  bridge  of  white  substance  or  commissure  between  the  cerebellar 
hemispheres. 

The  oculomotor  or  third  pair  of  cranial  nerves  make  their  exit  from  the  poste- 
rior perforated  substance  in  the  interpeduncular  fossa  just  behind  the  corpora 
mammillaria. 

The  trochlear  nerves,  or  the  fourth  pair,  emerge  around  the  lateral  aspects  of 
the  pedunculi  cerebri  along  the  anterior  border  of  the  pons.    The  fourth  is  the 
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smallest  of  the  cranial  nerves,  and  the  only  pair  arising  from  the  dorsal  aspect  of 
the  brain.  They  undergo  total  decussation  in  the  region  of  their  exit,  just  behind 
the  posterior  quadrigeminate  bodies. 

The  trigeminus,  or  fifth  cranial  nerve,  is  the  largest.  It  penetrates  the  pons  to 
find  its  recipient  nuclei  in  the  depths  of  the  brain-stem.  For  the  most  part  it  is  a 
sensory  nerve,  but  it  is  accompanied  by  a  small  motor  root  (portio  minor) . 

Three  pairs  of  cranial  nerves  are  attached  to  the  brain-stem  along  the  inferior 
border  of  the  pons: — the  abducens  or  sixth  nerve  emerges  near  the  mid-line;  the 
facial  or  seventh  emerges  from  the  more  lateral  aspect  of  the  brain-stem;  and  the 
acoustic  or  eighth  enters  the  extreme  lateral  aspect  of  the  stem.  The  eighth  con- 
sists of  two  parts,  a  vestibular  and  a  cochlear  division.  The  cochlear  division  courses 
for  the  most  part  externally  and  dorsally  around  the  inferior  cerebellar  peduncle, 
giving  it  the  appearance  from  which  it  derives  its  name, '  restiform  body.' 

Fig.  576. — View  of  the  Base  of  the  Brain.    (After  Beaunis.) 
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The  remaining  four  pairs  of  the  cranial  nerves  are  attached  directly  to  the 
medulla  oblongata.  This  comprises  that  portion  of  the  brain-stem  beginning  at 
the  posterior  border  of  the  pons  above,  and  continuous  with  the  first  segment  of 
the  spinal  cord  below.  On  its  ventral  surface  the  pyramids  and  the  olives  are 
the  two  most  prominent  structures.  The  pyramids,  which  are  continuous  below 
into  the  pyramidal  tracts  of  the  spinal  cord,  form  the  two  tapering  prominences 
along  either  side  of  the  anterior  median  fissure;  the  olives  are  the  oblong  oval 
elevations  situated  between  the  pyramids  and  the  restiform  bodies,  and  each  is 
the  superficial  indication  of  the  inferior  olivary  nucleus. 

The  glosso-pharyngeal  or  ninth  nerve,  the  vagus  (pneumogastric)  or  tenth,  and 
the  spinal  accessory  or  eleventh  cranial  nerve  are  attached  along  the  lateral  aspect 
of  the  medulla  oblongata  in  line  with  the  facial  nerve  and  between  the  olive  and  the 
corpus  restiforme.    The  spinal  accessory  is  assembled  from  a  series  of  rootlets  which 
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emerge  from  the  lateral  aspect  of  the  first  three  or  four  cervical  segments  of  the 
spinal  cord,  as  well  as  from  the  medulla.  It  becomes  fully  formed  before  reaching 
the  level  of  the  olive,  and  passes  outwards  in  company  with  the  vagus.  The  root 
filaments  of  the  vagus  and  glosso-pharyngeal  are  arranged  in  a  continuous  series, 
and,  if  severed  near  the  surface  of  the  medulla,  those  belonging  to  the  one  nerve 
are  difficult  to  distinguish  from  those  belonging  to  the  other. 

The  hypoglossal  or  the  twelfth  and  last  of  the  cranial  nerves  emerges  as  a  series 
of  rootlets  between  the  pyramid  and  the  olive.  Thus  it  arises  nearer  the  mid-line, 
and  in  line  with  the  abducens,  trochlear,  and  oculomotor. 

If  the  occipital  lobes  be  lifted  from  the  superior  surface  of  the  cerebellum  and  the 
tentorium  cerebelli  removed,  the  corpora  quadrigemina  (mesencephalon)  may  be 
observed.  These  are  situated  above  the  cerebral  peduncles,  in  the  region  of  the  ven- 
tral appearance  of  the  oculomotor  and  trochlear  nerves.  Resting  upon  the  supe- 
rior pair  of  the  quadrigeminate  bodies  (colliculi  superiores)  is  the  epiphysis  or  pineal 
body,  and  just  anterior  to  this  is  the  cavity  of  the  third  ventricle,  bounded  laterally 
by  the  thalami  and  roofed  over  by  the  tela  chorioidea  of  the  third  ventricle  (velum 
interpositum) . 

By  separating  the  inferior  margin  of  the  cerebellum  from  the  dorsal  surface  of  the 
medulla  oblongata  the  lower  portion  of  the  fourth  ventricle  (rhomboid  fossa)  may 
be  seen.  The  cisterna  cerebello-medullaris,  a  subarachnoid  space  in  this  region, 
is  occupied  in  part  by  a  thickening  of  the  arachnoid.  This  is  continuous  with  the 
tela  chorioidea  (ligula)  and  plexus  chorioidea  of  the  fourth  ventricle.  The  former 
roofs  over  the  lower  portion  of  the  fourth  ventricle,  and,  passing  through  it  in  the 
medial  line,  is  the  lymph  passage,  the  foramen  of  Magendie,  by  which  the  cavity 
of  the  fourth  ventricle  communicates  with  the  subarachnoid  space.  The  fourth 
ventricle,  as  it  becomes  continuous  with  the  central  canal  of  the  spinal  cord,  ter- 
minates in  a  point,  the  calamus  scriptorius.  From  the  inferior  surface  the  cere- 
bellar hemispheres  are  more  definitely  demarcated,  and  between  them  is  the  vermis 
or  central  lobe  of  the  cerebellum. 

Divisions  of  the  encephalon. — The  encephalon  as  a  whole  is  developed  from  a 
series  of  expansions,  flexures,  and  thickenings  of  the  wall  of  the  anterior  portion  of 
the  primitive  neural  tube.  Being  continuous  with  the  spinal  cord,  it  is  arbitrarily 
considered  as  beginning  just  below  the  level  of  the  decussation  of  the  pyramids,  or 
at  a  line  drawn  transversely  between  the  decussation  of  the  pyramids  and  the  level 
of  the  first  pair  of  cervical  nerves. 

In  its  general  conformation  four  natural  divisions  of  the  brain  are  apparent :  the 
two  most  enlarged  portions — (1)  the  cerebral  hemispheres  and  (2)  the  cerebellum; 
(3)  the  corpora  quadrigemina  (mesencephalon)  between  the  cerebral  hemispheres  and 
the  cerebellum,  and  (4)  the  medulla  oblongata,  the  portion  continuous  with  the  spinal 
cord.  However,  the  most  logical  and  advantageous  arrangement  of  the  divisions 
and  subdivisions  of  the  encephalon  is  on  the  basis  of  their  development  from  the  walls 
of  the  embryonic  brain  vesicles.  On  this  basis,  for  example,  both  the  medulla  oblon- 
gata and  the  cerebellum  with  its  pons  are  derived  from  the  posterior  of  the  primary 
vesicles,  and  are,  therefore,  included  in  a  single  gross  division  of  the  encephalon,  viz., 
the  rhombencephalon.  In  the  following  outline  the  anatomical  components  of  the 
encephalon  are  arranged  with  reference  to  the  three  primary  vesicles  from  the  walls 
of  which  they  are  derived,  and  the  primary  flexures  and  thickenings  of  the  walls  of 
which  they  are  elaborations. 

During  the  early  growth  of  the  neural  tube  its  basal  or  ventral  portion  acquires 
a  greater  thickness  than  the  lateral  portions  and  the  roof  of  the  tube,  and  thus  the 
tube  is  longitudinally  divided  into  a  basal  or  ventral  zone  and  an  alar  or  dorsal 
zone.  This  is  especially  marked  in  the  brain  vesicles.  Structures  arising  from  the 
dorsal  zone  begin  as  localised  thickenings  of  the  roof.  For  example,  in  the  rhomb- 
encephalon the  greater  part  of  the  medulla  oblongata  and  of  the  pons  region  is 
derived  from  the  ventral  zone,  while  the  cerebellum  is  derived  from  the  dorsal  zone. 
The  first  of  the  flexures  occurs  in  the  region  of  the  future  mesencephalon,  and  is 
known  as  the  cephalic  flexure;  next  occurs  the  cervical  flexure,  at  the  junction 
with  the  spinal  cord;  third,  the  pontine  flexure,  in  the  region  of  the  future  fourth 
ventricle.  Both  the  cervical  and  pontine  flexures,  while  having  a  significance  in  the 
growth  processes,  are  almost  entirely  obliterated  in  the  later  growth  of  the 
encephalon. 
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Fig.  577. — Median  Sagittal  Section  through  Embryonic  Human  Brain  at  End  of  First 

Month.    (After  His.) 

(Showing  the  localities  of  origin  of  the  derivatives  of  the  three  primary  vesicles  named  in  outline 

on  p.  780.) 


Fig.  578. — Sagittal  Section  of  Brain  of  Human  Embryo  of  the  Third  Month.  (After  His.) 
(Reference  numerals  correspond  with  those  of  fig.  577  and  those  after  names  of  parts  in  outline 

on  p.  780.) 
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The  location  of  the  development  of  the  various  parts  of  the  encephalon  may  be 
determined,  and  their  elaboration  and  changes  in  shape  and  position  may  be  traced 
by  comparing  the  accompanying  figs.  577,  578,  and  579.    The  reference  numbers  in 


Fig.  579. — Median  Sagittal  Section  of  Adult  Human  Brain.    (Drawing  of  model  by  His.) 
(Reference  numerals  same  as  in  figs.  577  and  578.) 


the  figures  correspond  with  the  like  numbers  after  the  names  of  the  parts  on  p.  780 
in  the  outline  of  the  divisions  of  the  encephalon.  The  more  detailed  subdivisions 
of  the  parts  will  be  met  with  in  their  individual  descriptions. 


THE  RHOMBENCEPHALON 

THE  MEDULLA  OBLONGATA 

The  medulla  oblongata  is  the  upward  continuation  of  the  spinal  cord.  It  is 
only  about  25  mm.  long,  extending  from  just  above  the  first  cervical  nerve  (begin- 
ning of  the  first  cervical  segment  of  the  spinal  cord)  to  the  inferior  border  of  the  pons. 
It  lies  almost  wholly  within  the  cranial  cavity,  resting  upon  the  superior  surface  of 
the  basal  portion  of  the  occipital  bone,  with  its  lower  extremity  in  the  foramen 
magnum.  Its  weight  is  from  6  to  7  gm.  or  about  one-half  of  one  per  cent,  of  the 
whole  cerebro-spinal  axis.  It  is  a  continuation  of  the  spinal  cord  and  more — it  con- 
tains structures  continuous  with  and  homologous  to  the  structures  of  the  spinal  cord, 
and  in  addition  it  contains  structures  which  have  no  homologues  in  the  spinal  cord. 
Due  in  part  to  these  additional  structures,  the  medulla,  as  it  approaches  the  pons, 
rapidly  expands  in  both  its  dorso-ventral  and  especially  in  its  lateral  diameters. 
With  it  are  associated  seven  of  the  twelve  pairs  of  cranial  nerves. 

On  its  anterior  or  ventral  aspect  the  anterior  median  fissure  of  the  spinal  cord 
becomes  broader  and  deeper  because  of  the  great  height  attained  by  the  pyramids. 
At  the  level  at  which  the  pyramids  emerge  from  the  pons,  the  region  in  which  they 
are  largest,  the  fissure  terminates  in  a  triangular  recess  so  deep  as  to  merit  the  name 
foramen  caecum.  The  pyramids  are  the  great  descending  cerebral  or  motor  funi- 
culi. In  the  medulla  oblongata  they  decrease  in  bulk  in  passing  towards  the  spinal 
cord,  for  the  reason  that  many  of  the  pyramidal  axones  are  contributed  to  struc- 
tures of  the  medulla.  At  the  lower  end  of  the  medulla  occurs  the  decussation  of 
the  pyramids,  by  which  the  anterior  median  fissure  is  almost  obliterated  for  about 
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6  mm.,  and  which,  upon  removal  of  the  pia  mater,  may  be  easily  observed  as  bundles 
of  fibres  interdigitating  obliquely  across  the  mid-line.  Not  all  the  pyramidal  fibres 
cross  to  the  opposite  side  at  this  level  in  man,  but  a  portion  of  those  coursing  in  the 
lateral  periphery  of  the  medulla  maintain  their  ventro-mesial  position  and  continue 
directly  into  the  spinal  cord,  to  form  there  the  ventral  cerebro-spinal  fasciculus  or 
direct  pyramidal  tract.  However,  most  of  such  fibres  finally  cross  the  mid-line 
during  their  course  in  the  spinal  cord.  The  exact  proportion  of  the  direct  fibres  is 
variable,  but  always  the  greater  mass  of  each  pyramid  crosses  to  the  opposite  side 
at  the  level  of  the  decussation  of  the  pyramids,  and  descends  the  cord  as  the  lateral 


Fig.  580. — Semi-diagrammatic  Representation  of  the  Ventral  Aspect  of  the  Rhomben- 
cephalon and  Adjacent  Portions  of  the  Cerebrum.    (Modified  from  Quain.) 
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cerebro-spinal  fasciculus  or  crossed  pyramidal  tract.  Both  of  these  pyramidal  tracts 
are  described  in  the  discussion  of  the  fasciculi  of  the  cord. 

Each  pyramid  is  bounded  laterally  by  the  antero-lateral  sulcus,  also  contin- 
uous with  that  of  the  same  name  in  the  spinal  cord.  Towards  the  pons  this  sulcus 
separates  the  pyramid  from  the  olive  (inferior  olivary  nucleus) ,  and  in  the  region  of 
the  olive  there  emerge  along  this  sulcus  the  root  filaments  of  the  hypoglossal  nerve. 
These  are  in  line  with  the  filaments  of  the  ventral  roots  of  the  spinal  nerves.  The 
olives,  as  their  name  implies,  are  oblong  oval  eminences  about  1/2  cm.  in  length. 
They  extend  to  the  border  of  the  pons,  and  are  somewhat  thicker  at  their  upper  ends. 
Their  surfaces  are  usually  smooth,  except  at  their  lower  ends,  where  they  frequently 
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appear  ribbed,  owing  to  bundles  of  the  external  arcuate  fibres  passing  across  them 
to  and  from  the  restiform  body,  which  occupies  the  extreme  lateral  portion  of  the 
medulla.  Along  the  line  between  the  restiform  body  and  the  olives  are  attached 
the  root  filaments  of  the  vagus,  glosso-pharyngeal,  and  spinal  accessory  nerves.  Both 
the  abduccns  and  the  facial  nerve  emerge  along  the  border  of  the  pons,  the  facial  in 
line  with  the  glosso-pharyngeal,  but  the  abducens  in  line  with  the  hypoglossus. 

Dorsal  aspect. — The  increased  lateral  diameter  of  the  medulla  oblongata  is 
contributed  to  a  great  extent  by  the  restiform  bodies.  These  are  the  inferior  cere- 
bellar peduncles,  and  contain  the  majority  of  both  the  ascending  and  the  descend- 
ing fibres,  which  connect  the  cerebellum  with  the  structures  below  it  .  In  toto,  the 
restiform  bodies  are  much  larger  than  could  be  formed  by  the  combined  cerebellar 


Fig.  581. — Diagram  Showing  the  Decussation  of  the  Pyramids. 
The  uppermost  level  represented  is  near  the  inferior  border  of  the  pons. 
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fasciculi  of  the  spinal  cord,  their  great  size  being  due  to  their  receiving  numerous 
axones  coursing  in  both  directions,  which  connect  the  cerebellum  with  structures 
contained  in  the  medulla  oblongata  alone,  so  that  in  the  medulla  they  increase  as 
they  approach  the  cerebellum.  Their  name  (restiform  meaning  rope-like)  was  sug- 
gested from  the  appearance  frequently  given  them  by  the  fibres  of  the  cochlear 
(acoustic)  division  of  the  eighth  cranial  nerve,  which  course  around  their  lateral 
periphery  to  become  the  strice  medullar -es  acustici  in  the  floor  of  the  fourth  ventricle. 

Upon  removal  of  the  cerebellum  it  may  be  seen  that  below  the  calamus  scrip- 
torius  (inferior  terminus  of  the  fourth  ventricle)  the  structures  manifest  in  the  dor- 
sal surface  of  the  medulla  are  directly  continuous  with  those  of  the  spinal  cord.  The 
fasciculus  gracilis  (Goll's  column)  of  the  spinal  cord  acquires  a  greater  height  and 
volume  and  becomes  the  funiculus  gracilis  of  the  medulla,  and  because  of  this 
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increased  height  the  posterior  median  sulcus  of  the  cord  becomes  deepened  into  the 
posterior  median  fissure.  The  posterior  intermediate  sulcus  is  also  accentuated 
by  Burdach's  column,  likewise  enlarged  into  the  funiculus  cuneatus  of  the  medulla. 
The  lateral  funiculus  of  the  medulla,  of  course,  does  not  contain  the  lateral  or  crossed 
pyramidal  tract  present  in  the  spinal  cord. 

At  the  border  of  the  calamus  scriptorius  the  funiculus  gracilis  terminates  in  a  slight 
elevation,  the  clava,  which  is  the  superficial  indication  of  the  nucleus  funiculi  gracilis. 


Fig.  582. — Dorsal  Aspect  of  Medulla  Oblongata  and  Mesencephalon,  Showing  the  Floor 
of  the  Fourth  Ventricle  (Rhomboid  Fossa).    (Modified  from  Spalteholz.) 
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 POSTERIOR  INTERMEDIA  TE  SULCUS 


Beginning  somewhat  more  anteriorly,  and  having  a  somewhat  greater  length,  is  a 
similar  enlargement  of  the  funiculus  cuneatus,  the  tuberculum  cuneatum  or 
nucleus  funiculi  cuneati.  These  nuclei  are  the  groups  of  nerve  cell-bodies  about 
which  the  ascending  or  sensory  axones  of  the  respective  funiculi  terminate  or  are 
interrupted  in  their  course  to  the  structures  of  the  encephalon.  These  cell-bodies 
in  their  turn  give  off  axones  which  immediately  cross  the  mid-line  and  assume  a 
more  ventral  position,  contributing  largely  to  the  lemniscus  or  fillet  of  the  opposite 
50 
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side,  and  thus  such  axones  are  the  encephalic  continuation  of  the  central  sensory 
pathway  conveying  impulses  from  the  periphery  of  one  side  of  the  body  to  the 
opposite  side  of  the  cerebrum.  The  crossing  of  these  axones  is  known  as  the  decus- 
sation of  the  lemnisci. 

With  the  termination  of  the  dorsal  funiculi  and  the  ventral  course  of  the  fibres  of 
the  lemnisci  in  their  decussation,  the  central  canal  of  the  spinal  cord  loses  its  roof 
of  nervous  tissue  in  the  medulla  and  comes  to  the  surface  as  the  fourth  ventricle. 


The  floor  of  the  fourth  ventricle,  which  corresponds  to  the  floor  of  the  central  canal, 
is  considerably  widened  into  two  lateral  recesses  opposite  the  junction  of  the  cere- 
bellar peduncles  of  either  side,  and,  being  pointed  at  both  its  superior  and  inferior 
extremities,  it  is  rhomboidal  in  shape  and  thus  is  the  fossa  rhomboidea.  The  pia 
mater  of  the  spinal  cord  is  maintained  across  the  tip  of  the  calamus  scriptorius  to 
form  the  obex,  a  small,  non-nervous,  semilunar  lamina  roofing  over  the  immediate 
opening  of  the  central  canal. 

THE  PONS 

The  pons  (Varolii)  is,  for  the  most  part,  a  great  commissure  or  'bridge'  of  white 
substance  coursing  about  the  ventral  aspect  of  the  brain-stem,  and  connecting  the 
cerebellar  hemisphere  of  one  side  with  that  of  the  other.  In  addition  it  contains 
fibres  passing  both  to  and  from  the  structures  of  the  brain-stem  and  the  grey  sub- 
stance of  the  cerebellum.  Each  of  its  lateral  halves  forms  the  middle  of  the  three 
cerebellar  peduncles,  the  brachium  pontis. 

•  In  size  it  naturally  varies  directly  with  the  development  of  the  cerebellum,  both 
in  a  given  animal  and  relatively  throughout  the  .animal  series.    In  man  it  attains  its 
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greatest  relative  size,  and  possesses  a  mediam  or  basilar  sulcus  in  which  lies  the 
basilar  artery.  Its  sagittal  dimension  varies  from  25  to  30  mm.,  while  its  trans- 
verse dimension  (longitudinal  with  the  course  of  its  fibres)  is  somewhat  greater.  It  is 
a  rounded  white  prominence  interposed  between  the  cerebral  peduncles  (crura)  above 
and  the  medulla  oblongata  below.  Its  inferior  margin  is  rounded  to  form  the  in- 
ferior pontine  sulcus,  which,  between  the  points  of  the  emergence  of  the  pyramids, 
is  continuous  with  and  transverse  to  the  foramen  caecum.  Its  superior  margin  is 
thicker  and  is  rounded  to  form  the  superior  pontine  sulcus,  which,  between  the 
cerebral  peduncles,  is  continuous  with  and  transverse  to  the  interpeduncular  fossa. 
It  is  bilaterally  symmetrical.  The  ventro-lateral  bulgings  of  its  sides  (and,  therefore, 
the  basilar  sulcus)  are  produced  by  the  passage  through  it  of  the  fibres  of  the  cerebral 
peduncles  from  above,  to  reappear  as  the  pyramids  below.  Its  ventral  surface  rests 
upon  the  basilar  process  of  the  occipital  bone  and  the  dorsum  sells  of  the  sphenoid, 
while  its  lateral  surfaces  are  adjacent  to  the  posterior  parts  of  the  petrous  portions 
of  the  temporal  bones. 

The  fibres  of  the  thicker  superior  portion  of  the  brachium  pontis  course  obliquely 
downwards  to  their  entrance  into  the  cerebellar  hemisphere ;  those  of  the  lower  and 
mid-portions  course  more  transversely,  naturally  converging  upon  approaching 
the  cerebellum.  Certain  fibres  of  the  upper  mid-portion  course  at  first  transversely 
and  then  turn  abruptly  downwards  across  the  fibres  above  them,  to  join  the  inferior 
portion  of  the  brachium  pontis.  This  bundle  is  termed  the  oblique  fasciculus 
(fig.  580).  The  trigeminus  or  fifth  cranial  nerve  penetrates  the  superior  lateral  por- 
tion of  each  brachium  pontis  near  the  point  of  the  downward  turn  of  the  oblique 
fasciculus ;  its  large  afferent  and  its  small  efferent  roots  accompany  each  other  quite 
closely. 

That  portion  of  the  rhombencephalon  overlying  the  pons  and  forming  the  floor 
of  the  fourth  ventricle  is  not  a  part  of  the  pons  at  all.  It  is  merely  a  continuation 
of  the  brain-stem  from  the  medulla  below  to  the  structures  above.  Therefore  on  the 
dorsal  surface  there  is  no  line  of  demarcation  between  the  pons  and  medulla  below 
or  between  the  pons  and  isthmus  above.  The  fibres  of  the  trigeminus  pass  through 
the  pontine  fibres  to  and  from  their  nuclei  in  the  brain-stem. 


THE  CEREBELLUM 

The  cerebellum  or  hind  brain  is  the  largest  portion  of  the  rhombencephalon.  It 
lies  in  the  posterior  or  cerebellar  fossa  of  the  cranium,  and  behind  the  pons  and 
medulla  oblongata,  overhanging  the  latter.  It  fits  under  the  occipital  lobes  of  the 
cerebral  hemispheres,  from  which  it  is  separated  by  a  strong  duplication  of  the  inner 
layer  of  the  dura  mater,  the  tentorium  cerebelli.  Its  greatest  diameter  lies  trans- 
versely, and  its  average  weight,  exclusive  of  the  dura  mater,  is  about  140  gm.,  or 
about  10  per  cent,  of  the  entire  encephalon.  It  varies  in  development  with  the 
cerebrum,  and,  like  it,  averages  larger  in  the  male.  It  is  relatively  larger  in  adults 
than  in  children.  Its  development  begins  as  a  thickening  of  the  anterior  portion  of 
the  roof  (dorsal  zone)  of  the  posterior  of  the  three  primary  brain  vesicles.  Resting 
upon  the  brain-stem,  it  roofs  over  the  fourth  ventricle  and  is  connected  with  the 
structures  anterior,  below,  and  posterior  to  it  by  its  three  pairs  of  peduncles. 

The  surface  of  the  cerebellum  is  thrown  into  numerous  narrow  folia  or  laminas, 
which  in  the  given  localities  run  more  or  less  parallel  with  each  other.  They  are 
separated  by  narrow  but  relatively  deep  sulci.  Unlike  the  spinal  cord  and  medulla, 
in  which  the  grey  substance  is  centrally  placed  and  surrounded  by  a  mantle  of  white 
substance,  the  surface  of  the  cerebellum  is  itself  a  cortex  of  grey  substance,  the 
cortical  substance,  enclosing  a  core  of  white  substance,  the  medullary  body.  How- 
ever, within  this  central  core  of  white  substance  are  situated  definite  grey  masses, 
the  nuclei  of  the  cerebellum. 

The  gross  divisions  of  the  cerebellum  are  three:  the  two  larger  lateral  portions, 
the  hemispheres,  and  between  these  the  smaller  central  portion,  the  vermis.  The 
demarcation  between  these  gross  divisions  is  not  very  evident  from  the  dorsal  sur- 
face, because  the  hemispheres  in  their  extraordinary  development  in  man  encroach 
upon  the  vermis,  and,  being  pressed  under  the  overlapping  cerebral  hemispheres, 
they  become  partially  fused  upon  the  vermis  along  the  dorsal  mid-line.  Though 
differentiated  simultaneously  with  the  cerebellar  hemispheres  in  the  human  fcetus, 
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in  most  of  the  mammalia  the  vermis  is  the  largest  and  most  evident  of  the  parts, 
and  it  is  practically  the  only  part  which  exists  in  the  fishes,  reptiles,  and  birds.  In 
man,  owing  to  the  fact  that  the  vermis  does  not  keep  pace  in  development  with  the 
hemispheres,  there  results  a  very  decided  notch  between  the  two  hemispheres  along 
the  line  of  the  entire  ventral  and  inferior  aspect  of  the  cerebellum,  the  floor  of  this 
notch  being  the  surface  of  the  vermis.  The  inferior  portion  of  the  notch  is  the 
posterior  cerebellar  notch  (incisura  marsupialis) ;  its  prolongation  above  is  wider 
than  below,  and  is  termed  the  superior  cerebellar  notch.  It  is  occupied  by  a  fold 
of  the  dura  mater,  the  falx  cerebelli.  With  the  variations  in  contour  of  the  cere- 
bellum, certain  of  its  sulci  are  broader  and  deeper,  and  merit  the  name  fissures. 
These  are  more  or  less  definitely  placed,  and  subdivide  the  hemispheres  into  lobes 
and  the  vermis  (the  median  lobe)  into  lobules. 

Dorsal  surface. — The  dorsal  surface  is  bounded  from  the  inferior  and  ventral 
surface  by  the  horizontal  fissure,  coursing  along  the  inferior  borders  of  the  cerebel- 
lar hemispheres.  Between  this  and  the  extreme  anterior  border  are  two  other  fis- 
sures, the  posterior  and  anterior  semilunar  fissures.    These,  like  the  horizontal 

Fig.  584. — Section  of  Head  Passing  Through  the  Mastoid  Processes  of  the  Temporal 
Bones  and  Behind  the  Medulla  Oblongata.  Showing  the  Position  of  the  Cere- 
bellum. 

(From  a  mounted  specimen  in  the  Anatomical  Department  of  Trinity  College,  Dublin.) 


fissure,  may  be  traced,  with  slight  interruptions,  across  the  mid-line,  and  conse- 
quently mark  off  not  only  the  two  hemispheres  but  also  the  vermis  into  correspond- 
ing divisions. 

The  superior  semilunar  lobe  (postero-superior  lobe)  of  each  hemisphere  lies 
between  the  horizontal  and  the  posterior  semilunar  fissures.  It  largely  composes  the 
inferior  border  of  the  cerebellum,  and,  therefore,  is  the  longest  of  the  lobes. 

The  remaining  dorsal  surface  of  the  hemispheres,  because  of  the  frequently  less 
complete  development  of  the  anterior  semilunar  fissure,  is  sometimes  referred  to  as 
the  quadrangular  lobe,  with  its  posterior  and  its  anterior  portions.  On  the  other 
hand,  especially  when  the  anterior  semilunar  fissure  is  well  marked,  this  area  may 
be  divided  into — (1)  the  posterior  semilunar  lobe,  between  the  posterior  and  anterior 
semilunar  fissures,  and  (2)  the  anterior  semilunar  lobe,  anterior  to  the  anterior  semi- 
lunar fissure. 

The  dorsal  aspect  of  the  vermis,  the  superior  vermis,  because  of  the  fusion  of 
the  hemispheres,  is,  for  the  most  part,  a  slight  ridge,  the  monticulus,  instead  of 
a  depression.    However,  in  the  inferior  portion  of  the  dorsal  surface  the  depression 
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of  the  posterior  notch  begins,  and  here  the  horizontal  and  the  posterior  semilunar 
fissures  approach  each  other  so  closely  that  the  corresponding  subdivision  of  the 
vermis  is  seldom  more  than  a  single  folium,  the  folium  vermis  (cacuminis). 

The  monticulus  proper  is  divided  into  an  inferior  lobule,  the  clivus,  and  a  superior 
lobule,  the  culmen.  These  appear  as  continuations  across  the  mid-line  of  the  pos- 
terior and  anterior  crescentic  lobes  of  the  hemispheres,  and  are  separated  by  the 
corresponding  fissures. 

At  the  extreme  anterior  part  of  the  dorsal  surface  and  in  the  bottom  of  the  an- 
terior cerebellar  notch  lies  a  more  definitely  defined  portion  of  the  vermis.  This 
is  the  central  lobule  (lobe).  It  is  broadened  laterally  into  two  pointed  wings,  the 
ales  of  the  central  lobule,  the  folia  of  which,  if  present,  are  parallel  with  those  of 
the  anterior  semilunar  lobes. 

If  the  anterior  margin  of  the  central  lobule  be  lifted,  the  lingula  cerebelli  {lin- 
gula  vermis)  will  appear.    It  is  a  thin,  tongue-like  anterior  projection  of  the  cor- 


Fig.  585. — Median  Section  Through  Cerebellum  and  Brain-stem.  (Allen  Thompson, 

after  Reichert.) 

1,  culmen  monticuli;  2,  superior  semilunar  lobe;  3,  inferior  semilunar  lobe;  4,  slender  lobe; 

5-,  biventral  lobe;  6,  tonsil. 
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tical  substance  upon  the  anterior  medullary  velum,  the  roof  of  the  superior  portion 
of  the  fourth  ventricle. 

Ventral  surface. — The  three  cerebellar  peduncles  of  each  side  join  to  form  a 
single  mass  of  white  substance,  and  enter  the  ventral  aspect  of  each  hemisphere  at 
the  inner  and  ventral  extremity  of  the  horizontal  fissure.  The  ventral  and  inferior 
surface  of  the  cerebellum  is  less  convex  than  the  dorsal  surface.  The  hemispheres 
are  decidedly  separated  by  a  continuation  of  the  posterior  cerebellar  notch,  which 
becomes  broader  and  contains  the  inferior  portion  of  the  vermis,  vermis  inferior, 
and  whose  margins  embrace  the  medulla  oblongata.  The  ventral  surfaces  of  the 
hemispheres  are  each  divided  by  the  intervening  fissures  into  four  lobes. 

Below,  the  inferior  semilunar  lobe  (postero-inferior  lobe)  is  separated  from 
the  superior  semilunar  lobe  of  the  dorsal  surface  by  the  horizontal  fissure.  It  is  the 
largest  of  the  ventral  lobes,  and  is  broader  at  its  medial  extremity.  Frequently  two 
and  sometimes  three  of  its  curved  sulci  appear  deeper  than  others,  and  separate  it 
into  two  or  three  slender  lobules,  lobuli  graciles.  More  commonly  there  are  two 
of  these,  the  lobulus  gracilis  posterior  and  lobulus  gracilis  anterior,  separated  by  sulci 
(fissures)  correspondingly  named. 
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The  biventral  lobe  is  smaller  and  more  curved  than  the  inferior  semilunar  lobe, 
from  the  anterior  margin  of  which  it  is  separated  by  the  curved  parapyramidal 
fissure.  Its  inner  extremity  is  pointed  and  does  not  extend  to  the  vermis;  its  outer 
extremity  is  broader  and  curves  anteriorly  to  the  inner  and  ventral  extremity  of  the 
horizontal  fissure — the  line  of  outer  termination  of  the  inferior  semilunar  lobe. 

The  tonsil  (amygdala)  is  a  rounded,  triangular  mass,  placed  mesially  within 
the  inner  curvature  of  the  biventral  lobe,  and  separated  from  it  by  the  retrotonsillar 
fissure.    Its  mesial  border  slightly  overlaps  the  vermis. 

The  smallest  of  the  lobes  is  the  flocculus.  It  lies  adjacent  to  the  inferior  and 
lateral  surface  of  the  mass  of  white  substance  produced  by  the  confluence  of  the  cere- 
bellar peduncles,  and  extends  into  the  inner  extremity  of  the  horizontal  fissure.  It 
is  so  flattened  that  its  short  folia  give  it  the  appearance  suggesting  its  name.  Oc- 
casionally there  is  added  a  second,  less  perfectly  formed  portion,  the  secondary 
fioccidus.  From  each  floccular  lobe  there  passes  towards  the  mid-line  a  thin  band  of 
white  substance,  the  peduncle  of  the  flocculus;  these  extend  to  meet  each  other 
at  the  most  anterior  portion  of  the  inferior  vermis,  and  thus  form  the  narrow  pos- 
terior medullary  velum. 


Fig.  586. — Diagram  of  the  Dorsal  Surface  of  the  Cerebellum. 


POSTERIOR  CEREBELLAR  NOTCH  FOLIUM  OF  VERMIS 


The  inferior  vermis  is  more  definitely  demarcated  than  the  superior.  Lying  in 
the  floor  of  the  inferior  notch,  it  is  separated  on  each  side  from  the  adjacent  lobes  of 
the  hemispheres  by  a  well-marked  sulcus,  the  vallecula  cerebelli.  By  contour  and 
by  deeper  transverse  fissures  (sulci)  occurring  at  intervals  across  it,  four  divisions  or 
lobules  of  the  inferior  vermis  are  recognised.  These  lobules,  like  those  of  the  su- 
perior vermis,  are  each  in  intimate  relation  with  the  pair  of  lobes  of  the  hemispheres 
adjacent  to  it  on  either  side. 

1.  The  tuber  vermis  is  adjacent  to  the  folium  vermis  of  the  dorsal  aspect,  and 
thus  is  the  most  inferior  lobule  of  the  inferior  vermis.  It  is  a  short,  somewhat 
pyramidal-shaped  division,  whose  four  or  five  transversely  arranged  folia  are  con- 
tinuous with  the  folia  of  the  inferior  crescentic  lobes  on  either  side. 

2.  The  pyramid  is  separated  from  the  tuber  vermis  by  the  post-pyramidal  fis- 
sure. Its  several  folia  cross  the  vallecula  cerebelli  and  curve  to  connect  with  the 
biventral  lobes  on  either  side. 

3.  The  uvula  is  separated  from  the  pyramid  by  the  prepyramidal  fissure.  It 
is  triangular  in  shape.  Its  base  or  broader  inferior  portion  appears  as  two  laterally 
projecting  ridges  of  grey  substance,  the  furrowed  bands,  which  extend  across  the 
floor  of  the  vallecula  and  under  the  mesial  margins  of  t he  tonsils  on  either  side.  In 
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these  bands  its  folia  curve  and  become  continuous  with  the  tonsils.  The  uvula  and 
the  two  tonsils  are  sometimes  referred  to  collectively  as  the  uvular  lobe. 

4.  The  nodule  is  the  smallest  and  most  anterior  division  of  the  inferior  vermis. 
It  is  separated  from  the  uvula  by  the  post-nodular  fissure,  and  is  closely  associated 
anteriorly  with  the  posterior  medullary  velum,  the  transverse  continuation  of  the 
peduncles  of  the  floccular  lobes. 

Internal  structure  of  the  cerebellum. — The  white  substance  of  the  cerebellum 
is  continuous  with  its  peduncles  and  forms  a  compact  central  mass.  Over  the  sur- 
face of  this  the  grey  substance  or  cortex  is  spread  in  a  thin  but  uniform  layer.  Upon 
section  of  the  cerebellum  certain  of  the  sulci  as  well  as  the  fissures  are  shown  to  be 
much  deeper  than  is  apparent  from  the  surface.  The  deeper  sulci  separate  the  lobes 
into  divisions,  the  medullary  laminae,  each  of  which  is  composed  of  a  number  of 
folia  and  each  of  which  has  its  own  core  of  white  substance.  The  folia  of  the  laminae 
line  the  sulci  (and  fissures),  and  also  comprise  their  surface  aspect,  and  are  separated 
by  the  shallow,  secondary  sulci.  The  larger  laminae  are  subdivided  into  from  two 
to  four  secondary  laminae  of  varying  size.  Such  subdivision  is  especially  marked 
in  the  vermis.    Here  each  lamina  comprises  a  lobule  and  is,  therefore,  separated  by 


Fig.  587. — Diagram  of  the  Ventral  and  Inferior  Surface  of  the  Cerebellum  after  the 
Removal  of  the  Medulla  Oblongata,  Pons,  and  Mesencephalon. 
The  tonsil  of  the  right  side  is  omitted  in  order  to  display  the  connection  of  the  pyramid 
with  the  biventral  lobe,  the  furrowed  band  of  the  uvula,  and  more  fully  the  posterior  medullary 
velum.    The  anterior  notch  is  less  evident  than  in  the  actual  specimen. 
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a  fissure,  and  each  lobule  is  usually  subdivided  with  the  exception  of  the  nodule,  the 
folium,  and  the  lingula.  In  sagittal  sections,  or  sections  transverse  to  the  general 
direction  of  the  sulci,  this  arrangement  of  the  laminae  gives  a  foliate  appearance, 
which,  especially  in  sagittal  sections  of  the  vermis,  is  termed  the  'arbor  vitee.' 

The  cerebellar  cortex  consists  of  three  layers  and  contains  four  general  types  of  cell-bodies 
of  neurones,  all  of  which  possess  features  peculiar  to  the  cerebellum. 

The  outermost  or  molecular  layer  contains  small  stellate  cells  with  relatively  long  den- 
drites. These  serve  to  associate  the  different  portions  of  a  given  folium.  The  axones  of  the  largest 
of  them  give  off  branches  which  form  pericellular  baskets  about  the  bodies  of  the  cells  of  Pur- 
kinje, each  axone  contributing  to  several  baskets.  The  layer  of  Purkinje  cells,  or  the  middle 
layer,  is  quite  thin.  The  bodies  of  the  cells  of  Purkinje  are  arranged  in  a  single  layer,  and  their 
elaborate  systems  of  dendrites  extend  throughout  and  largely  compose  the  molecular  layer. 
The  dendrites  of  these,  the  most  essential  cells  of  the  cortex,  are  displayed  in  the  form  of 
arborescent  fans  (see  fig.  555),  arranged  parallel  with  each  other  and  transverse  to  the  long  axis  of 
the  folium  containing  them.  Their  axones  are  given  off  from  the  base  of  the  cell-body,  acquire 
their  medullary  sheaths  quite  close  to  the  cell-body,  and,  after  giving  off  several  collaterals  in 
the  inner  layer,  pass  into  the  general  white  substance  and  thence  to  other  lamina?  or  lobes  and 
certain  of-  them  to  structures  outside  the  cerebellum.  The  inner  layer  is  the  granular  layer. 
It  contains  numerous  small  nerve-cells  or  granule-cells  which  possess  from  two  to  five  radiating 
dendrites,  unbranched  except  at  their  termination,  which  occurs  suddenly  in  the  form  of  three 
to  six  claw-like  twigs.    Their  axones  are  given  off  either  from  the  cell-body  direct  or  more  often 
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from  the  base  of  one  of  the  dendrites,  and  pass  outwards  into  the  molecular  layer,  where  they 
bifurcate  and  course  in  both  directions  parallel  to  the  long  axis  of  the  folium,  to  become  associated 
with  the  dendrites  of  the  cells  of  Purkinje.  In  the  layer  of  the  cells  of  Purkinje  there  is  situated 
at  intervals  a  neurone  of  the  Golgi  type  II  (see  fig.  555).  The  short,  elaborately  branched  axone 
of  this  neurone  is  distributed  among  the  cells  of  the  granular  layer.  Axones  conveying  impulses 
to  the  cerebellar  cortex  terminate  in  the  granular  layer  as  'moss  fibres,'  or  directly  upon  the 
cells  of  Purkinje  as  'climbing  fibres,'  and  probably  upon  the  cells  of  the  Golgi  type  II. 

Thus  the  neurones  which  receive  impulses  coming  to  the  cortex  are  the  cells  of  Purkinje, 
probably  the  Golgi  cells  of  type  II,  and  the  granule-cells;  those  which  distribute  these  impulses 
to  other  neurones  of  the  folium  are  the  Golgi  cells  of  type  II,  the  granule-cells,  and  the  basket-cells 
(association  neurones),  and  the  collaterals  of  the  cells  of  Purkinje.  Impulses  are  conveyed  from 
the  cortex  of  a  folium  to  that  of  other  folia,  lamina,  lobules  or  lobes,  or  to  the  nuclei  of  the  cere- 
bellum, or  to  structures  outside  the  cerebellum  by  the  axones  of  the  cells  of  Purkinje. 

The  nuclei  of  the  cerebellum  are  in  its  central  core  of  white  substance.  They 
are  four  in  number,  and  all  are  paired,  those  of  each  pair  being  situated  opposite  each 
other  on  either  side  of  the  mid-line. 

1.  The  largest  of  them  is  the  dentate  nucleus.  This  is  an  isolated  mass  of  grey 
substance  situated  in  the  core  of  white  substance  of  each  hemisphere.  It  is  in  the 
form  of  a  folded  or  corrugated  cup-shaped  lamina,  with  the  opening  of  the  cup 


Fig.  588. — Section  of  Cerebellum  and  Brain-stem  Passing  Obliquely  Through  Inferior 
Portion  of  Cerebellum  to  Anterior  Margin  of  Pons.  (After  Toldt,  "Atlas  of  Human 
Anatomy,"  Rebman,  London  and  New  York.) 
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(hilus)  directed  anteriorly  and  obliquely  inwards.  It  contains  a  mass  of  white 
substance  and  possesses  a  capsule. 

2.  The  nucleus  emboliformis  is  an  oblong  and  much  smaller  mass  of  grey 
substance,  which  lies  immediately  internal  to  the  hilus  of  the  dentate  nucleus.  It 
is  probably  of  the  same  significance  as  the  dentate  nucleus,  being  merely  a  portion 
separated  from  it. 

3.  The  nucleus  globosus,  the  smallest  of  the  cerebellar  nuclei,  is  an  irregular 
horizontal  mass  of  grey  substance  with  its  larger  end  placed  in  front  .  It  lies  close 
to  the  inner  side  of  the  nucleus  emboliformis,  and  often  appears  separated  into  two 
or  more  rounded  or  globular  masses. 

4.  The  nucleus  f  astigii  (roof  nucleus)  is  the  second  largest  of  the  cerebellar  nuclei, 
and  is  the  most  mesially  placed.  The  pair  is  situated  in  the  roof  of  the  fourth  ven- 
tricle, and  so  near  the  mid-line  that  both  nuclei  are  in  the  white  substance  of  the 
vermis.  They  are  ovoid  in  shape,  and  the  nucleus  of  one  side  receives  axones  from 
the  nucleus  of  the  vestibular  division  of  the  eighth  cranial  nerve  chiefly  of  the  oppo- 
site side,  the  decussation  of  these  axones  taking  place  in  the  vermis.  Its  cells  are 
larger  than  those  of  the  two  first-mentioned  nuclei. 

The  peduncles  of  the  cerebellum. — The  peduncles  consist  of  three  pairs — the 
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inferior,  middle,  and  superior.  The  three  peduncles  of  each  side  come  together  at 
the  level  of  the  lower  border  of  the  pons,  and  the  entering  and  emerging  fibres  of 
which  they  are  composed  become  continuous  with  the  central  core  of  white  substance 
of  the  cerebellar  hemispheres. 

The  restif  orm  body  of  the  medulla  oblongata  is  the  inferior  peduncle.  It  forms 
the  lateral  boundary  of  the  inferior  portion  of  the  fourth  ventricle,  and  upon  reaching 
the  level  of  the  pons  turns  sharply  backwards  into  the  cerebellum.  In  the  region  of 
the  turn  it  is  encircled  externally  by  fibres  of  the  cochlear  division  of  the  eighth 
cranial  nerve.  It  contains  fibres,  both  ascending  and  descending,  between  the 
cerebellar  cortex  and  the  structures  below  the  cerebellum: — (1)  Fibres  from  the 
spinal  cord  including  the  lateral  cerebello-spinal  fasciculus  (direct  cerebellar  tract)  and 
probably  a  small  proportion  of  the  ascending  fibres  of  the  antero-lateral  superficial 
fasciculus  (Gowers'  tract) ;  (2)  fibres  from  the  olive  of  the  same  and  opposite  side 
of  the  medulla  oblongata;  (3)  fibres  from  the  nuclei  of  the  funiculus  gracilis  and 
cuneatus  of  the  same  and  opposite  sides;  (4)  fibres  to  the  olive  of  the  opposite  side; 
(5)  fibres  to  the  nuclei  of  the  motor  cranial  nerves ;  (6)  fibres  descending  to  the  ven- 
tral horn  cells  of  the  spinal  cord.  The  ascending  or  afferent  fibres  of  the  cerebello- 
spinal and  cerebello-olivary  fasciculi  are  the  principal  components  of  the  inferior 
peduncle.  Of  these,  the  fibres  of  the  direct  cerebellar  tract  terminate  in  the  cortex 
of  the  superior  vermis  of  both  sides  of  the  mid-line,  but,  for  the  most  part,  in  that 
of  the  opposite  side.  The  olivary  fibres  end  in  the  cortex  of  both  the  superior 
vermis  and  the  adjacent"  cortex  of  the  hemispheres,  and  some  of  them  terminate 
in  the  nucleus  dentatus. 

The  brachium  pontis  or  the  middle  peduncle  is  the  largest  of  the  three  cerebellar 
peduncles.  In  it  the  pons  fibres  pass  slightly  downwards  and  into  the  cerebellar 
hemisphere,  between  the  lips  of  the  anterior  part  of  the  horizontal  fissure,  entering 
at  the  outer  side  of  the  inferior  peduncle.  It  consists  of  the  transverse  fibres  of  the 
pons,  and  within  the  cerebellum  its  fibres  are  distributed  in  two  main  groups — the 
upper  transverse  fibres  of  the  pons  apparently  pass  downwards  to  radiate  in  the 
lower  portion  of  the  hemisphere,  while  the  lower  transverse  fibres  pass  upwards  and 
inwards  to  radiate  in  the  superior  part  of  the  hemisphere  and  vermis.  For  the  most 
part  the  fibres  of  the  middle  peduncle  may  be  considered  as  commissural  fibres, 
passing  from  one  side  of  the  cerebellum  to  the  other.  Each  peduncle  contains 
fibres  coursing  in  opposite  directions.  Many  of  these  fibres  are  interrupted  in  their 
course  to  the  opposite  side  by  cells  scattered  throughout  the  pons,  nuclei  -pontis,  and, 
therefore,  in  each  brachium  pontis  some  of  the  fibres  are  processes  of  the  cells  of  the 
cerebellum  and  course  towards  the  opposite  side,  while  others  are  processes  of  the 
cells  of  the  pontine  nuclei  and  course  to  the  cerebellar  hemisphere  of  the  same  side. 
Furthermore,  there  are  evidences  after  degeneration  that  the  brachium  pontis  also 
contains  a  few  fibres  from  the  cerebellum  to  the  structures  of  the  brain-stem  and 
spinal  cord. 

The  brachium  conjunctivum  or  superior  cerebellar  peduncle  emerges  from  the 
cerebellum  on  the  inner  side  of  the  brachium  pontis.  It  also  extends  on  the  mesial 
side  of  the  course  of  the  restiform  body.  It  forms  the  lateral  boundary  of  the  supe- 
rior portion  of  the  fourth  ventricle.  Its  transverse  section  appears  semilunar  in 
shape,  with  the  concave  side  next  to  the  cavity  of  the  ventricle.  The  dorsal  border 
which  inclines  towards  the  mid-line  is  connected  with  that  of  the  corresponding 
peduncle  of  the  opposite  side  by  the  anterior  medullary  velum,  which  thus  roofs  over 
the  superior  part  of  the  fourth  ventricle.  The  ventral  border  is  distinguished  from 
the  pons  by  an  open  furrow  or  sulcus. 

The  superior  cerebellar  peduncles  are  almost  entirely  efferent  pathways  as  to  the 
cerebellum,  and  form  the  chief  connections  between  the  cerebellum  and  the  cerebrum. 
They  arise  almost  wholly  from Jhe_dentate_  nuclei.  As  they  course  forwards  they 
slightly  converge  and  disappear  under  the  inferior  quadrigeminate  bodies.  Here, 
in  the  tegmentum  of  the  mesencephalon,  they  undergo  an  almost  total  decussation, 
and  then  the  majority  of  the  fibres  of  each  peduncle,  having  thus  crossed  the  mid- 
line, terminate  in  the  red  nucleus  of  the  opposite  side.  The  red  nucleus  lies  in  the 
tegmentum  of  the  mesencephalon,  below  the  superior  quadrigeminate  bodies,  and 
therefore  quite  close  to  the  decussation.  The  cells  of  the  red  nucleus,  about  which 
the  fibres  of  the  peduncle  terminate,  in  their  turn  send  processes  (axones)  into  the 
prosencephalon,  most  of  which  enter  the  thalamus,  but  some  pass  under  the  thalamus 
to  join  the  internal  capsule. 
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In  addition  to  the  fibres  having  the  origin  and  course  described  above,  and  which 
constitute  the  greater  mass  of  the  superior  cerebellar  peduncle,  each  peduncle  is  said 
to  contain  fibres  which — (1)  arise  in  the  cerebellar  cortex  of  the  same  and  opposite 
sides  of  the  mid-line,  instead  of  from  the  dentate  nucleus,  and  which  join  the  peduncle 
at  the  side  of  the  dentate  nucleus,  between  it  and  the  restiform  body ;  (2)  fibres  which 
do  not  cross  the  mid-line  in  the  decussation,  but  terminate  in  the  red  nucleus  of  the 
same  side;  (3)  possibly  some  fibres  are  not  interrupted  in  the  red  nucleus,  but  pass 
directly  into  the  thalamus;  (4)  a  small  proportion  of  fibres  afferent  as  to  the  cere- 
bellum, which  arise  in  the  structures  of  the  cerebrum  and  pass  in  to  the  cerebellum; 
and  (5)  the  greater  part,  if  not  all,  of  the  ascending  fibres  of  the  antero-lateral 
superficial  fasciculus  (Gowers'  tract)  of  the  spinal  cord.  The  latter,  instead  of 
entering  the  cerebellum  by  way  of  the  restiform  body,  are  deflected  in  the  medulla 

Fig.  589. — Transparency  Drawing  Showing  the  Origin,  Course,  and  Connections  of  the 
Superior  Cerebellar  Peduncles  (Brachia  Conjunctiva)  in  the  Formation  of 
'  Stilling 's  Scissors.' 


and  pass  in  the  lateral  tegmentum  of  the  pons  to  the  anterior  medullary  velum,  where 
they  turn  backwards  to  enter  the  cerebellum  in  its  superior  peduncle  and  pass  to  its 
cortex,  probably  from  the  outer  side  of  the  dentate  nucleus  (see  fig.  605). 

The  anatomy  of  the  fourth  ventricle.— The  fourth  ventricle  is  rhomboidal  in 
shape,  being  considerably  widened  at  the  level  of  the  brachia  pontis  and  pointed  at 
each  end.  Its  floor  consists  of  a  slight  depression  in  the  brain-stem,  the  fossa  rhom- 
boidea,  and  corresponds  to  the  floor  of  the  central  canal.  Its  pointed  inferior  end, 
the  calamus  scriptorius,  is  directly  continuous  with  the  central  canal,  and  its  narrowed 
anterior  end  is  continued  into  the  aquseductus  cerebri  (Sylvii)  of  the  mesencephalon, 
which  is  nothing  more  than  a  resumption  of  the  tubular  form  of  the  canal.  The 
entire  cavity  of  the  ventricle  is  lined  with  an  epithelium  which  is  continuous  with 
the  epithelium,  or  ependyma,  of  the  central  canal. 

The  roof  of  the  anterior  portion  of  the  fourth  ventricle  is  nervous,  consisting  of  a 
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thin  lamina  of  white  substance,  the  anterior  medullary  velum,  thickened  at  the.  sides 
by  the  brachia  conjunctiva.  At  its  extreme  mesencephalic  end  the  anterior  med- 
ullary velum  is  slightly  thickened  by  a  continuation  of  the  white  substance  of  the 
inferior  quadrigeminate  bodies,  forming  the  frenulum  veli.  The  inferior  portion  of 
the_jvelum  is  continuous  with  the  white  substance  of  the  cerebellum,  and  is  covered 
by  the  Rngula  cerebelli,  an  extension  of  the  cortical  substance  of  the  superior  vermis 
(fig.  582): 

The  roof  of  the  middle  portion  of  the  fourth  ventricle  is  formed  by  the  cerebellum 
proper,  the  vermis  and  the  mesial  portions  of  the  hemispheres.  The  nervous  por- 
tion of  the  roof  terminates  with  the  posterior  medullary  velum,  a  thin,  narrow  band  of 
white  substance  which  is  the  continuation  of  the  peduncles  of  the  floccular  lobes, 
and  which  connects  them  at  the  mid-line  with  the  nodule  of  the  inferior  vermis. 

The  roof  of  the  inferior  portion  of  the  fourth  ventricle  is  non-nervous.  It  is  the 
tela  chorioidea  of  the  fourth  ventricle,  a  semilunar  lamina  consisting  of  the  epithelial 
lining  of  the  ventricle,  reinforced  by  a  continuation  of  the  connective  tissue  of  the  pia 
mater  and  the  adjacent  portion  of  the  arachnoid.  Along  the  line  of  its  attachment 
to  the  surface  of  the  medulla  it  is  thickened,  and  in  sections  this  portion  bears  the 
name  ligula  {taenia  ventriculi  quarti).    The  thickened  portion  spanning  the  tip  of 


the  calamus  scriptorius  is  termed  the  obex.  The  width  of  the  ventricular  cavity  is 
extended  outwards  from  its  widest  part  into  the  lateral  recesses,  narrow  pockets  on 
each  side  and  around  the  upper  parts  of  the  restiform  bodies.  In  the  mid-line  of 
the  lower  part  of  the  tela  chorioidea  there  is  a  more  or  less  well-marked  opening, 
the  foramen  of  Magendie  (medial  aperture  of  the  fourth  ventricle) ,  which  is  a  lymph- 
channel  connecting  the  cavity  of  the  ventricle  with  the  subarachnoid  space.  There 
is  a  similar  opening  from  each  lateral  recess  (lateral  apertures).  ' 

The  chorioid  plexuses  of  the  fourth  ventricle  consist  of  highly  vascular,  lobular, 
villus-like  processes  of  the  ventricular  surface  (pia  mater)  of  the  tela  chorioidea! 
They  are  reddish  in  the  fresh  specimen,  and  the  epithelial  lining  of  the  ventricle  is 
closely  adapted  to  the  unevennesses  of  their  surfaces.  From  below  they  run  as  two 
parallel  masses  on  either  side  of  the  mid-line,  which  become  united  above,  and  then 
are  separated  again  into  two  lateral  processes  which  bend  at  right  angles  and  pro- 
ject into  the  lateral  recesses.  Portions  frequently  protrude  through  the  three  open- 
ings of  the  ventricle  into  the  subarachnoid  space. 

The  floor  of  the  fourth  ventricle  (fossa  rhomboidea)  —This  is  thrown  into  em- 
inences and  depressions  indicative  of  the  internal  structures  of  the  brain-stem  sub- 
jacent to  it.    Its  inferior  portion  is  the  dorsal  surface  of  the  upper  portion  of  the 
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medulla  oblongata;  its  intermediate  portion  is  the  dorsal  surface  of  the  pons  region, 
while  its  superior  portion  belongs  to  the  isthmus  of  the  rhombencephalon.  Its  tri- 
angular lower  extremity  terminates  as  the  opening  of  the  central  canal  of  the  spinal 
cord.  This  portion  is  deepened  at  the  obex  and  shows  furrows  which  point  down- 
wards and  converge  medianwards,  giving  the  appearance  known  as  the  calamus 
scriptorius.  The  mid-line  of  the  ventricle  is  sharply  distinguished  by  the  well- 
marked  median  sulcus,  which  becomes  shallower  above  than  below.  Throughout 
the  length  of  the  floor  on  either  side  of  the  median  sulcus  is  a  continuous  ridge,  the 
medial  eminence,  which  is  bounded  laterally  by  the  limiting  sulcus.  Underlying 
the  floor  of  the  ventricle  is  a  layer  of  grey  substance  of  varying  thickness,  which  is 
continuous  with  that  surrounding  the  central  canal  of  the  cord.  The  medial  emi- 
nence is  subdivided  into  portions  of  unequal  width  and  elevation,  and  the  limiting 
sulcus  accordingly  shows  fovese  of  different  depths. 


Fig.  591. — Dorsal  Surface  of  the  Brain-stem  Showing  the  Anatomy  of  the  Floor  of  the 
Fourth  Ventricle.    (Modified  from  Spalteholz.) 
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Beginning  at  the  calamus  scriptorius  the  following  areas  of  the  floor  of  the  fourth 
ventricle  are  usually  distinguished: — 

The  area  postrema  of  Retzius  is  a  superficial  vascular  structure  bounded  in- 
feriorly  by  the  taenia  and  overlying  the  terminal  portion  of  the  nucleus  funiculi  gracilis 
(clava)  and  a  portion  of  the  nucleus  of  the  vagus  nerve.  The  funiculus  separans, 
a  short  oblique  fold  of  the  floor,  composed  chiefly  of  neuroglia,  separates  the  area 
postrema  from  the  ala  cinerea  (trigonum  vagi),  which  is  an  oblique,  grey-coloured 
eminence  indicating  the  position  of  the  middle  third  of  the  nucleus  of  termination 
(recipient  nucleus)  of  the  vagus  and  glosso-pharyngeal  nerves.  At  the  superior  ex- 
tremity of  the  ala  cinerea  is  a  well-marked  triangular  depression  of  the  limiting 
sulcus  known  as  the  inferior  fovea.  Mesial  to  and  extending  above  the  ala  cinerea 
is  a  narrow  eminence  lying  close  to  the  median  sulcus,  which  represents  the  nucleus 
of  origin  of  the  twelfth  nerve,  the  hypoglossal  eminence  (trigonum  hi/poglossi). 
The  nucleus  intercalatus  of  Van  Gehuchten  is  a  wedge-shaped  portion  very  slightly 
demarcated  from  the  hypoglossal  eminence,  and  lying  between  it  and  the  inferior 
fovea.    This  nucleus  is  considered  by  some  observers  as  an  inferior  medial  ext'en- 
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sion  of  the  nucleus  of  termination  of  the  vestibular  nerve  (area  acustica),  but 
Streeter,  who  has  made  a  detailed  study  of  the  floor  of  the  fourth  ventricle  by  means 
of  serial  sections,  doubts  that  it  is  a  part  of  this  nucleus. 

Superior  to  the  inferior  fovea,  and  crossing  each  half  of  the  floor  of  the  fourth 
ventricle,  are  the  striae  acusticae.  These  are  bundles  of  axones  arising  in  the  nuclei 
of  termination  of  the  cochlear  division  of  the  auditory  nerve,  which  are  situated  in 
the  lateral  periphery  of  the  restiform  body.  The  bundles  course  around  the  dorsal 
periphery  of  the  upper  portion  of  the  restiform  body,  giving  it  the  appearance  which 
suggested  its  name,  then  across  each  half  of  the  floor  of  the  ventricle  to  the  median 
sulcus,  in  which  they  suddenly  turn  ventrally  into  the  substance  of  the  medulla  oblon- 
gata, and  in  doing  so  they  cross  the  mid-line  to  enter  the  substance  of  the  opposite  side. 
The  striae  acusticae  vary  greatly  in  different  individuals,  both  in  the  degree  of  their 
prominence  and  their  direction.  Frequently  a  bundle  may  be  discerned  which  courses 
obliquely  upwards  and  outwards  from  the  median  sulcus  to  disappear  in  the  floor  fur- 
ther away  from  the  mid-line  and  again,  a  bundle  may  depart  from  the  transverse 
course  before  reaching  the  median  sulcus.  The  striae  acusticae  cross  the  area  acustica. 
This  is  the  flattened  elevation  which  occupies  the  whole  lateral  portion  of  the  interme- 
diate portion  of  the  floor  of  the  ventricle,  lateral  to  the  limiting  sulcus,  and  extends  into 
the  inferior  portion  lateral  to  the  inferior  fovea.  It  represents  the  subjacent  nucleus 
of  termination  of  the  vestibular  division  of  the  eighth  cranial  nerve.  The  dorsal 
and  ventral  nuclei  of  the  cochlear  division  of  the  eighth  nerve  (tuberculum  acusti- 
cum)  are  indicated  by  the  ventro-lateral  fullness  in  the  contour  of  the  restiform  body. 
In  many  of  the  mammals  they  produce  a  well-marked  protuberance. 

In  the  superior  portion  the  medial  eminence  occupies  the  greater  part  of  the  floor 
of  the  fourth  ventricle,  and  in  the  upper  part  of  the  intermediate  portion  it  pre- 
sents a  broader,  well-marked,  elongated  elevation,  the  colliculus  facialis.  This  repre- 
sents the  mesially  placed  nucleus  of  origin  of  the  abducens  and  the  genu  of  the  root 
of  the  facial  nerve,  which  root  courses  around  and  above  the  nucleus  of  the  abducens. 
The  nucleus  of  the  facial  is  too  deeply  situated  to  produce  an  eminence.  Lateral  to 
this  eminence  is  a  depression  of  the  limiting  sulcus,  which  overlies  the  region  of  the 
larger  portion  of  the  nucleus  of  termination  of  the  trigeminus,  and  is  the  fovea 
trigemini  or  superior  fovea.  The  strip  of  the  floor  above  the  superior  fovea  and 
lateral  to  the  medial  eminence  often  appears  greyish  blue  or  dark  brown,  owing  to 
pigmented  cells  subjacent  to  it,  and  is  known  as  the  locus  caeruleus.  It  also  repre- 
sents a  portion  of  the  nucleus  of  the  trigeminus.  The  most  superior  portion  of  the 
medial  eminence  becomes  narrow  and  lies  close  to  the  mid-line.  The  function  of 
the  underlying  grey  substance  producing  it  is  uncertain,  and  for  this  reason  Streeter 
has  named  the  elevation  nucleus  incertus,  noting  that  by  position  it  is  closely 
related  to  the  upper  portion  of  the  nucleus  of  the  trigeminus. 

Internal  structure  of  the  medulla  oblongata  and  pons. — The  finer  detail  of 
the  internal  structure  lies  within  the  scope  of  microscopic  rather  than  of  gross 
anatomy.  However,  the  significance  and  relations  of  certain  of  the  more  impor- 
tant and  larger  of  the  internal  structures  of  the  medulla  and  pons  as  observed  in 
sections  may  be  considered. 

The  entire  brain-stem  may  be  regarded  as  an  upward  continuation  of  the  spinal 
cord,  to  which  structures  are  added  giving  each  part  its  peculiar  character  and 
conformation,  and  in  which  the  structures  characteristic  of  the  spinal  cord  are  modi 
tied  in  varying  degrees. 

The  pyramids,  the  great  descending  or  motor  cerebro-spinal  fasciculi,  are  directly 
continuous  into  the  pyramidal  fasciculi  of  the  spinal  cord.  They  form  the  extreme 
ventro-medial  portion  of  the  medulla,  and  from  the  fact  that  they  contribute  numer- 
ous fibres  to  the  efferent  nuclei  (nuclei  of  origin)  of  the  cranial  nerves  and  to  other 
portions  of  the  grey  substance  of  the  brain-stem,  they  decrease  appreciably  in  bulk 
in  descending  towards  the  spinal  cord.  Most  of  the  fibres  contributed  to  the  medulla 
decussate  as  they  leave  the  pyramids,  and  terminate  in  the  grey  substance  of  the 
opposite  side.  However,  the  chief  decussation  of  the  pyramids  occurs  in  the  lower 
end  of  the  medulla.  Here  usually  about  three-fourths  of  the  fibres  then  comprising 
the  pyramids  cross  the  mid-line  to  form  the  lateral  cerebro-spinal  fasciculus  (crossed 
pyramidal  tract)  of  the  spinal  cord  immediately  below.  The  remaining  fourth, 
comprising  the  more  lateral  fibres  or  those  furthest  away  from  the  mid-line,  con- 
tinues uncrossed  into  the  spinal  cord  as  the  ventral  cerebro-spinal  fasciculus  or  direct 
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pyramidal  tract.  The  majority  of  the  latter  fibres  decussate  gradually  in  the  com- 
missural bundle  and  in  the  ventral  white  commissure  of  the  cord  as  they  approach 
the  levels  of  their  termination.  The  proportion  of  fibres  crossing  in  the  chief  decus- 
sation varies.  Cases  have  been  noted  in  which  apparently  the  entire  pyramids 
decussate  at  this  level.    In  other  cases  the  direct  or  ventral  pyramidal  tract  may  be 

Fig.  592. — Transverse  Section  of  Medulla  Oblongata  at  the  Level  of  the  Decussation 

of  the  Pyramids. 

nucleus  of  funiculus  gracilis 

CENTRAL  GREY  SUBSTANCE  \         FUNICULUS  CUNEATUS 


DECUSSATION  OF  PYRAMIDS 
PYRAMID 

much  larger  than  usual,  at  the  expense  of  the  lateral.  The  decussation  usually 
appears  to  be  symmetrical  and  it  occurs  so  suddenly  that  the  fibres,  in  coursing  from 
the  ventral  to  the  lateral  positions,  detach  the  tips  of  the  ventral  horns  of  the  spinal 
cord  from  the  remainder  of  the  grey  figure,  and  these  appear  as  isolated,  irregu- 
larly shaped  masses  of  grey  substance  in  transverse  sections  of  the  medulla.  From 
this  level  upwards  the  outline  of  the  grey  figure  of  the  cord  is  lost,  and  the  cell- 


Fig.  593. — Transverse  Section  of  Medulla  Oblongata  at  Level  of  the  Decltssation  of 

the  Lemnisci. 

posterior  median  fissure 


CENTRAL  GREY  SUBSTANCE       \  NUCLEUS  OF  FUNICULUS  GRACILIS 
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RAPHE  PYRAMID 


columns  of  the  ventral  horns  occur  in  more  or  less  detached  groups  as  the  motor 
nuclei  of  the  cranial  nerves. 

The  origin  and  decussation  of  the  lemnisci  (fillet)  begins  immediately  above 
the  decussation  of  the  pjTamids,  and  here  the  arrangements  characteristic  of  the 
spinal  cord  are  further  modified.  The  dorsal  portion  of  the  grey  figure  of  the  cord 
is  manifest  up  to  this  level,  but  here,  after  a  considerable  increase  in  its  thickness, 
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the  grey  commissure  gives  rise  to  two  thick  dorsal  outgrowths  on  each  side  of  the 
mid-line.  These  dorsal  projections  of  grey  substance  comprise  the  nuclei  of  termina- 
tion (relays)  of  the  chief  ascending  or  sensory  cerebro-spinal  fasciculi  of  the  spinal 
cord.  The  nucleus  funiculi  gracilis  (nucleus  of  Goll's  column)  arises  a  little  before 
the  nucleus  funiculi  cuneati  (nucleus of  Burdach's  column).  The  former  extends 
slightly  downwards  from  its  point  of  origin,  so  that  its  inferior  extremity  is  included 
in  sections  through  the  decussation  of  the  pyramids  (fig.  592) .  It  produces  a  slight 
bulbous  enlargement  (the  clava)  of  the  end  of  the  funiculus  gracilis,  while  the  nucleus 
funiculi  cuneati  corresponds  to  the  cuneate  tubercle  of  the  external  contour  of  the 
medulla  (figs.  582  and  591).  From  the  cells  of  these  nuclei  arise  the  lemniscus — the 
cephalad  continuation  of  the  cerebro-spinal  pathway  which  conveys  the  general  bodily 
sensations  to  the  cerebrum.    In  passing  out  of  the  nuclei  the  fibres  of  the  lemniscus 


Fig.  594. — Diagram  of  thk  Decussation  of  the  Lemnisci. 


course  in  a  ventro-medial  direction.  Curving  around  the  region  of  the  central  canal, 
they  contribute  largely  to  the  internal  arcuate  fibres,  then,  sweeping  across  the  mid- 
line, they  convert  it  into  the  raphe,  and  immediately  after  crossing  (decussating)  they 
turn  cephalad  and  collect  to  form  the  bundle  known  as  the  lemniscus. 

In  the  medulla,  the  lemnisci  are  two  thin  bands  of  fibres  spread  vertically  on  each 
side  of  the  raphe,  with  their  lower  or  ventral  edges  thicker  than  their  dorsal  edges. 
In  their  course  towards  the  cerebrum  they  increase  in  bulk,  owing  chiefly  to  fibres 
being  added  to  them  from  the  nuclei  of  termination  of  the  afferent  roots  of  the  cranial 
nerves.  In  passing  through  the  region  of  the  pons,  the  lemnisci  gradually  become 
spread  horizontally,  and  beyond  the  pons  their  then  more  outer  portions  are  further 
displaced  and  come  to  course  in  the  lateral  borders  of  the  isthmus  rhombencephali 
and  mesencephalon,  while  the  inner  portions  remain  nearer  the  mid-line.  This 
lateral  spreading  of  each  lemniscus  produces  the  lateral  lemniscus  and  the  medial 
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lemniscus,  distinguished  in  transverse  sections  of  the  superior  pons  and  mesen- 
cephalic regions  of  the  brain-stem  (fig.  609) . 

The  reticular  formation  of  the  medulla  and  pons  region  is  considerably  more 
abundant  than  in  the  spinal  cord.  As  in  the  spinal  cord,  it  consists  of  grey  substance 
through  which  nerve-fibres,  singly  and  in  small  bundles,  course  in  all  directions, 
and  more  sparsely  than  in  other  regions.  In  the  medulla  it  is  traversed  by  the  in- 
ternal arcuate  fibres.  It  may  be  considered  an  enlarged  continuation  of  the  middle 
portion  of  the  grey  column  of  the  cord,  traversed  by  numerous  fibres,  giving  it  the 
reticulated  appearance  which  suggests  its  name.  Its  numerous  nerve-cells  belong, 
for  the  most  part,  to  the  association  and  commissural  systems  of  the  brain-stem,  and, 
therefore,  the  fibres  arising  in  it  correspond  to  the  fasciculi  proprii  of  the  spinal  cord. 
As  in  the  cord,  most  of  the  fibres  are  of  short  course,  serving  to  associate  different 
portions  of  the  same  level  and  adjacent  levels  with  each  other.  Those  of  long  course 
show  a  tendency  to  collect  into  a  small,  well-marked  bundle  which  courses  one  on  each 
side  close  to  the  mid-line,  ventral  to  the  central  canal  in  the  closed  part  of  the  medulla, 
and  near  the  floor  of  the  fourth  ventricle,  in  the  open  part.  In  the  mesencephalon 
this  bundle  is  again  situated  ventral  to  the  aquseductus  cerebri. 


Fig.  595. 


-Transverse  Section  of  Medulla  Oblongata  Through  Nuclei  of  Vagus  and 
Hypoglossus  and  Through  the  Middle  of  the  Olives.  > 
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This  bundle  is  known  as  the  medial  longitudinal  fasciculus  (posterior  longi- 
-  tudinal  bundle).  It  corresponds  more  nearly  to  the  ventral  fasciculus  proprius  of 
the  spinal  cord  than  to  others  of  the  fasciculi  proprii.  In  the  medulla  it  appears  as  the 
dorsal  edge  of  the  lemniscus,  but  in  the  shifting  of  the  position  of  the  lemniscus  in 
the  pons  region,  it  becomes  isolated.  By  position  it  is  especially  adapted  for  the 
association  of  the  nuclei  of  the  cranial  nerves.  Evidence  has  been  found  that  those 
fibres  which  arise  in  the  corpora  quadrigemina  and  descend  the  spinal  cord  in  its 
sulco-marginal  fasciculus,  pass  through  the  medulla  in  the  medial  longitudinal 
fasciculus. 

The  inferior  olivary  nucleus  is  an  added  structure  in  the  medulla  oblongata, 
i.  e.,  it  has  no  homologue  in  the  spinal  cord.  The  two  of  them  occupy  the  olivary 
prominences,  the  olives  of  the  exterior,  and  constitute  the  most  conspicuous  and 
striking  isolated  masses  of  grey  substance  in  sections  of  the  medulla.  The)'  appear 
as  crenated  lamina;  of  grey  substance  folded  so  as  to  encup  a  dense  mass  of  white 
substance,  and  in  actual  shape  the  entire  nucleus  has  the  form  of  an  irregular  corru- 
gated cup  with  the  opening  or  hilus  on  the  side  towards  the  mid-line.  The  mass 
is  so  crumpled  that  the  diameter  of  the  hilus  is  appreciably  less  than  the  length  of  the 
nucleus,  and  thus  transverse  sections  of  either  extremity  of  it  appear  as  closed  cap- 
sules. 


School  of  medicine 
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There  are  several  small  detached  portions  of  the  olivary  nucleus  known  as  the  ac- 
cessory olivary  nuclei.  These  are  named  according  to  their  position  with  reference 
to  the  chief  portion  or  olive  proper.  They  are  less  corrugated  than  the  chief  nucleus, 
and  appear  rod-like  in  sections.  The  largest  is  the  dorsal  accessory  olivary  nucleus. 
The  medial  accessory  olivary  nucleus  is  widest  at  its  inferior  end,  which  extends  a 
little  below  the  inferior  extremity  of  the  chief  nucleus.  The  lateral  accessory  olivary 
nucleus  is  the  smallest.  In  serial  sections  the  accessory  nuclei  are  found  to  be  plates 
of  grey  substance  and  usually  continuous  with  one  another. 

The  olivary  nuclei  are  mainly  cerebellar  connections.  By  both  ascending  and 
descending  fibres  each  cerebellar  hemisphere  is  connected  with  the  olivary  nucleus 
of  the  same  and  opposite  sides.  These  fibres  necessarily  pass  between  the  cere- 
bellum and  the  olives  by  way  of  the  restiform  body,  and,  in  so  doing,  form  an  obliquely 
coursing  bundle  in  the  lateral  border  of  the  medulla  known  as  the  cerebello-olivary 
fibres  (fig.  595). 

The  arcuate  fibres  are  referred  to  as  internal  and  external,  according  as  they 
course  dorsal  or  ventral  to  the  inferior  olivary  nucleus. 

The  internal  arcuate  fibres  comprise  fibres  destined  for  both  the  cerebellum 
and  cerebrum,  and  also  for  the  association  of  the  tegmental  grey  substance  of  the 
two  sides  in  which  they  course.  Certain  of  the  fibres  passing  between  one  restiform 
body  (cerebellar  hemisphere)  and  the  olive  of  the  opposite  side  course  internal  to  the 
olive  of  the  same  side,  and  thus  form  the  ventral  portion  of  the  internal  arcuate  fibres. 

Fig.  596. — Reconstruction  of  the  Inferior  Olivary  Nucleus,  Dorso-lateral  Surface. 

(After  Sabin.) 


As  noted  above,  the  internal  arcuate  fibres  consist  in  greatest  part  of  cerebro-afferent 
fibres,  arising  from  the  cells  of  the  nucleus  funiculi  gracilis  and  funiculi  cuneati  and 
sweeping  downwards  and  decussating  to  form  the  lemniscus  of  the  opposite  side. 
However,  all  the  fibres  arising  in  these  nuclei  do  not  enter  the  lemniscus.  A  few  of 
them  cross  the  mid-line  with  the  internal  arcuates,  but  pass  on  to  enter  the  restiform 
body  (cerebellar  hemisphere)  of  the  opposite  side.  Some  of  these  course  ventrally 
and,  upon  approaching  the  olive  of  the  opposite  side,  are  deflected  around  the  ventral 
side  of  both  the  olive  and  the  pyramid,  and  thus  pass  to  the  restiform  body  as  external 
arcuate  fibres  also.  Certain  of  the  internal  arcuate  fibres  arise  from  the  cells  of  the 
nuclei  of  termination  of  the  cranial  nerves  and  from  small  cells  situated  in  the  grey 
substance  of  the  reticular  formation.  These,  in  crossing  the  mid-line,  correspond 
to  the  white  commissures  of  the  spinal  cord.  Some  of  them  terminate  in  the  med- 
ulla; others  join  the  lemniscus  and  pass  towards  the  cerebrum;  others  reach  the 
cerebellar  hemisphere  of  the  opposite  side. 

The  external  arcuate  fibres,  in  addition  to  those  mentioned  above,  comprise  cer- 
tain fibres  which  arise  in  the  nuclei  funiculi  gracilis  and  cuneati  and  pursue  a  dorso- 
lateral course  to  enter  the  restiform  body  of  the  same  side.  These  form  the  dorsal 
segment  of  the  external  arcuates.  The  greater  mass  of  the  external  arcuates  are 
cerebello-olivary  fibres.  Certain  of  those  passing  from  one  olive  to  the  restiform  body 
of  the  opposite  side  are  deflected  at  the  raphe,  and  course  on  the  ventral  side  of  both 
the  other  olive  and  the  pyramid  in  order  to  reach  the  cerebello-olivary  bundle.  Like- 
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wise,  those  passing  from  the  restiform  body  to  the  opposite  olive  are  deflected  by  the 
olive  of  the  same  side  and  pursue  a  similar  course  to  the  raphe.  While  out  of  the  hilus 
of  each  olive  streams  a  dense  mass  of  white  substance,  yet  many  of  the  fibres 
concerned  with  the  olive  pierce  its  walls  from  all  sides. 

Many  of  the  external  arcuate  fibres  are  said  to  be  interrupted  in  the  nucleus 
arcuatus.  This  is  a  thin  sheet  of  grey  substance,  variable  in  amount,  which  lies  on 
the  ventral  aspect  of  each  pyramid,  and,  though  it  decreases  inferiorly,  it  may  be 
evident  down  to  the  decussation  of  the  pyramids.  The  nucleus  receives  its  name 
from  the  fact  that  its  larger  portion  is  interpolated  in  the  course  of  the  external 
arcuates. 

Figs.  597  and  598. — Diagrams  showing  the  Composition  of  the  Cerebellar  Portions 
of  the  Internal  and  External  Arcuate  Fibres. 
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The  arcuate  fibres  of  longer  course,  like  the  olives  with  which  they  are  largely 
concerned,  have  no  homologues  in  the  spinal  cord. 

The  central  canal  of  the  closed  portion  of  the  medulla  is  surrounded  by  a  greater 
amount  of  grey  substance,  substantia  grisea  centralis,  than  is  the  canal  in  the  spinal 
cord.  This  is  largelv  gelatinous  substance,  the  central  gelatinous  substance,  and  the 
nerve-fibres  in  coursing  through  the  grey  substance  are  partially  deflected  by  it, 
leaving  it  as  a  cylindrical,  more  evident  area  of  grey  substance  than  in  other  regions. 
In  the  open  portion  of  the  medulla  the  substantia  grisea  centralis  naturally  forms  a 
more  transparent  lamina  just  under  the  floor  of  the  fourth  ventricle.  In  the  mesen- 
cephalon it  again  surrounds  the  reformed  canal  or  aquseductus  cerebri. 
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The  central  connections  of  the  cranial  nerves  are  most  easily  homologised 
with  spinal-cord  structures.  Functionally  the  cranial  nerves  are  of  three  varieties: — 
(1)  the  motor  or  efferent  nerves,  comprising  the  oculomotor,  the  trochlear,  the 
abducens,  the  spinal  accessory,  and  the  hypoglossus;  (2)  the  sensory  or  afferent, 
comprising  the  olfactory,  the  optic,  and  the  acoustic;  and  (3)  the  mixed,  motor  and 
sensory  nerves,  comprising  the  trigeminus,  the  facial,  the  glosso-pharyngeal,  and  the 
vagus.  The  nuclei  of  origin  of  the  motor  or  efferent  cranial  nerves  and  the  efferent 
portions  of  the  mixed  nerves  are  directly  continuous  with  the  cell  columns  of  the 
ventral  horns  of  the  spinal  cord,  while  the  emerging  root  filaments  and  roots  of  these 
nerves  correspond  to  the  ventral  roots  of  the  spinal  nerves.  The  nuclei  of  termina- 
tion of  the  afferent  or  sensory  cranial  nerves  and  of  the  sensory  portions  of  the  mixed 
nerves  correspond  directly  to  the  nuclei  of  the  funiculus  gracilis  and  funiculus  cunea- 
tus,  and,  functionally,  are  merely  anterior  continuations  of  these  nuclei. 

The  nuclei  of  the  efferent  or  motor  cranial  nerves  lie  in  two  parallel  lines,  one  near 
the  mid-line  and  the  other  more  laterally  placed.  The  nuclei  giving  origin  to  the 
oculomotor,  the  trochlear,  the  abducens,  and  the  hypoglossus  are  near  the  mid-line, 
and  correspond  to  the  ventro-medial  and  dorso-medial  cell  groups  of  the  ventral  horns 
of  the  spinal  cord;  the  nuclei  of  origin  of  the  motor  portion  (portio  minor)  of  the 
trigeminus,  of  the  facial,  and  the  nucleus  ambiguus  giving  origin  to  the  motor  por- 
tions of  the  glosso-pharyngeal  and  vagus  nerves,  together  with  the  nucleus  of  the 
spinal  accessory,  correspond  to  the  ventro-lateral  and  dorso-lateral  cell-groups  of 
the  ventral  horns  of  the  spinal  cord.  The  nerve-roots  having  medial  nuclei  of  origin 
are  those  which  make  their  exit  from  the  brain-stem  along  the  more  medial  super- 
ficial line,  while  those  having  the  more  lateral  nuclei  comprise  the  more  lateral  line 
of  roots  apparent  on  the  surface  of  the  stem.  The  first  two  pairs  of  cranial  nerves, 
the  olfactory  and  optic,  are  attached  to  the  prosencephalon.  These  are  purely 
sensory,  and  make  their  entrance  near  the  mid-line  of  the  brain,  both  having  super- 
ficially placed  nuclei  of  termination.  Of  the  other  nerves,  all  having  sensory  or 
afferent  functions  enter  the  brain  along  the  lateral  or  more  nearly  dorsal  line,  and  the 
ganglia  giving  origin  to  their  afferent  axones  correspond  directly  to  the  ganglia  of 
the  dorsal  or  afferent  roots  of  the  spinal  nerves. 

Commissural  and  associational  neurones  are  much  more  numerous  in  the  brain- 
stem than  in  the  spinal  cord.  Their  axones  serve  to  connect  the  structures  on  the 
two  sides  of  the  mid-line  and  to  associate  the  different  levels  of  the  same  side.  Just 
as  in  the  spinal  cord,  those  of  longer  course  correspond  to  the  fasciculi  proprii. 

Of  the  twelve  pairs  of  cranial  nerves,  eight  pairs  are  attached  to  the  medulla 
oblongata  and  pons,  viz.,  the  trigeminus,  abducens,  facial,  acoustic,  glosso-pharyn- 
geal, vagus,  spinal  accessory,  and  hypoglossus. 

The  hypoglossus,  the  motor  nerve  of  the  tongue,  has  its  nucleus  of  origin  be- 
ginning in  the  lower  portion  of  the  floor  of  the  fourth  ventricle  at  the  level  of  the 
striae  acustics.  It  is  a  long  nucleus,  lying  close  to  the  mid-line  and  just  under  the 
floor  of  the  ventricle  (hypoglossal  eminence)  and  extending  down  to  the  region  of  the 
funiculus  separans.  Here  it  curves  ventrally  to  a  slight  degree,  and  below  the  obex 
assumes  a  position  ventro-lateral  to  the  central  canal,  and  thus  extends  a  short 
distance  below  the  level  of  the  inferior  tip  of  the  olive.  The  nerve  arises  as  a  series 
of  rootlets  which  traverse  the  entire  thickness  of  the  medulla  (fig.  595) ,  to  emerge  in  line 
in  the  furrow  between  the  olive  and  the  pyramid  and  fuse  to  form  the  trunk  of  the 
nerve.  The  lowermost  of  the  rootlets  usually  emerge  below  the  olive.  The  nucleus 
receives  impulses — (1)  from  the  cerebrum  by  way  of  divergent  fibres  from  the  pyramid 
of  the  opposite  side  (voluntary) ;  (2)  impulses  brought  in  by  the  sensory  fibres  of  the 
cranial  nerves  (reflex) ;  and  (3)  by  axones  from  other  levels  of  the  medulla  (associa- 
tional). None  of  its  axones  are  supposed  to  decussate,  though  numerous  com- 
missural fibres  are  known  to  pass  between  the  nuclei  of  the  two  sides. 

The  spinal  accessory  is  likewise  a  purely  motor  nerve,  and  has  a  laterally  placed, 
long,  and  much  attenuated  nucleus  of  origin.  Above,  its  nucleus  is  in  line  with  and 
practically  continuous  with  the  nucleus  giving  motor  fibres  to  the  vagus  and  glosso- 
pharyngeus  (nucleus  ambiguus).  Below,  it  consists  of  the  dorso-lateral  group  of 
cells  of  the  ventral  horn  of  the  first  five  or  six  segments  of  the  spinal  cord.  The 
nerve  arises  as  a  series  of  rootlets  which  emerge  laterally  and  join  a  common  trunk, 
which  passes  upwards  parallel  with  the  medulla  to  turn  outwards  in  company  with 
the  vagus.  (See  fig.  580.)  The  upper  rootlets  arise  from  that  part  of  the  nucleus 
contiguous  to  the  nucleus  ambiguus,  and  are  described  as  comprising  the  medullary 
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or  accessory  part  of  the  nerve;  those  which  arise  from  the  ventral  horn  cells  below 
are  described  as  the  spinal  part.  The  trunk  of  the  spinal  accessory  fuses  with  the 
vagus  in  the  region  of  its  two  ganglia,  and,  before  separation,  contributes  fibres  (the 
accessory  part)  to  the  trunk  of  the  vagus.  The  accessory  fibres  are  distributed  as 
motor  fibres  to  the  muscles  of  the  larynx;  the  spinal  part  is  distributed  to  the  sterno- 


Fig.  599. — Scheme  showing  the  Relative  Size  and  Position  of  the  Nuclei  of  Origin  (Red) 
of  the  Motor  and  the  Nuclei  of  Termination  (Blue)  of  the  Sensory  Cranial  Nerves. 
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mastoid  and  trapezius  muscles.  The  nucleus  of  the  spinal  accessory  receives  terminal 
twigs  of  pyramidal  fibres  and  is  otherwise  subjected  to  influences  similar  to  those 
affecting  the  cells  giving  origin  to  the  motor  roots  of  the  spinal  nerves. 

The  vagus  or  pneumogastric  and  the  glosso-pharyngeus,  though  they  have 
widely  different  peripheral  distributions,  are  so  similar  in  origin  and  central  connec- 
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tions  that  they  may  be  described  together.  Both  contain  efferent  fibres,  though 
both  are  in  greater  part  sensory.  They  are  very  similar  as  to  the  origin  of 
both  their  efferent  and  afferent  components.  The  afferent  fibres  of  the  vagus  arise 
in  its  ganglion  jugulare  and  its  ganglion  nodosum  (ganglion  of  the  trunk) ;  the  af- 
ferent fibres  of  the  glosso-pharyngeus  arise  in  its  ganglion  superius  and  its  ganglion 
petrosum.  In  both  nerves  these  fibres  enter  the  lateral  aspect  of  the  medulla  and 
bifurcate  into  ascending  and  descending  branches,  similar  to  those  of  the  dorsal  root- 
fibres  in  the  spinal  cord.  Some  of  these  branches  terminate  in  practically  the  same 
level  of  the  medulla  about  cell-bodies  situated  on  the  same  and  the  opposite  sides. 
Such  end  chiefly  in  the  nuclei  of  the  hypoglossal  and  spinal  accessory,  and  about 
the  cells  giving  origin  to  the  efferent  components  of  the  vagus  and  glosso-pharyngeus 
themselves — short  reflex  fibres.  However,  most  of  the  afferent  fibres  terminate  in 
the  nucleus  of  termination  of  the  vagus  and  glosso-pharyngeus: — (1)  the  nucleus  of 
the  ala  cinerea,  the  middle  portion  of  which  is  indicated  in  the  floor  of  the  fourth 
ventricle  by  the  ala  cinerea ;  (2)  in  the  closed  portion  of  the  medulla,  the  lower  end 
of  the  nucleus  of  the  ala  cinerea  comes  to  lie  in  the  dorso-lateral  proximity  of  the 
central  canal,  and  this  portion  is  known  as  the  commissural  nucleus  of  the  ala  cinerea 
(figs.  593  and  597)  from  the  fact  that  fibres  may  be  seen  which  pass  directly  from 
it  across  the  mid-line;  (3)  most  of  the  descending  branches  of  the  bifurcated  fibres 
collect  to  form  the  solitary  tract,  a  compact  bundle  situated  dorsally  just  lateral 
to  the  nucleus  of  the  ala  cinerea  and  quite  conspicuous  in  sections  of  the  medulla. 
The  fibres  of  this  bundle  terminate  in  the  nucleus  of  the  solitary  tract,  which  is  but  a 
ventro-lateral  and  downward  continuation  of  the  nucleus  of  the  ala  cinerea  enclosing 
the  bundles  forming  the  tract.  It  is  probable  that  the  fibres  of  the  solitary  tract 
are  chiefly  from  the  vagus  (pneumogastric),  though  Bruce  has  found  evidence  that  the 
glosso-pharyngeal  contributes  to  it  appreciably.  It  decreases  rapidly  in  descending 
the  medulla,  owing  to  the  rapid  termination  of  its  fibres  about  the  cells  of  its  nucleus, 
but  it  is  believed  to  extend  as  far  downwards  as  the  level  of  the  fourth  cervical  segment 
of  the  spinal  cord.  This  being  in  the  level  or  origin  of  the  phrenic  nerve,  the  funiculus 
may  be  in  part  a  link  in  the  respiratory  apparatus  which  aids  in  the  co-ordinated 
respiratory  movements.  The  axones  given  off  by  the  cells  of  the  terminal  nuclei  of 
the  vagus  and  glosso-pharyngeus  course  on  both  sides  of  the  mid-line,  the  greater  por- 
tion perhaps  decussating  to  be  distributed  to  the  structures  of  the  opposite  side. 
Some  join  the  lemniscus  of  the  opposite  side  and  pass  into  the  cerebrum;  others  are 
distributed  to  the  motor  neurones  of  the  medulla  and  cervical  cord  of  the  same  and 
opposite  sides  (reflex  axones) ,  and  no  doubt  others  form  central  connections  with  the 
cells  of  the  reticular  formation  of  the  medulla,  though  their  precise  relations  have 
not  been  determined. 

The  nuclei  of  origin  of  the  motor  fibres  of  the  vagus  and  glosso-pharyngeus  are 
the  dorsal  efferent  nucleus  and  the  nucleus  ambiguus.  The  cells  of  the  dorsal 
nucleus  lie  somewhat  clustered  in  the  ventro-mesial  side  of  the  nucleus  of  the  ala 
cinerea  and  lateral  to  the  nucleus  of  the  hypoglossus.  Their  axones  pass  outwards 
among  the  entering  or  afferent  vago-glossopharyngeal  fibres.  The  nucleus  am- 
biguus or  ventral  efferent  nucleus  lies  in  the  lateral  half  of  the  reticular  formation, 
about  mid-way  between  the  olive  and  the  line  traversed  by  the  rootlets  of  the  two 
nerves.  Its  upper  end  is  larger.  Its  cells  are  considerably  dispersed  by  the  fibres 
of  the  reticular  formation.  The  axones  arising  from  its  cells  course  at  first  dorsal- 
wards  and  then  turn  abruptly  outwards  to  join  the  rootlets  of  the  vagus  or  glosso- 
pharyngeus,  as  the  case  may  be.  The  vagus  is  thought  to  receive  more  efferent  fibres 
from  the  two  motor  nuclei  than  does  the  glosso-pharyngeus,  and  Cunningham  notes 
that  it  may  be  questioned  whether  the  latter  contains  any  motor  fibres  at  all,  there 
being  paths  by  which  the  fibres  of  its  motor  branch  (to  the  stylo-pharyngeus  mus- 
cle) might  enter  it  other  than  direct  from  the  motor  nuclei. 

.  The  acoustic  nerve  is  a  double  nerve,  both  divisions  of  which  are  purely  sensory. 
It  enters  the  brain  at  the  lateral  aspect  of  the  junction  of  the  medulla  oblongata  and 
pons.    It  is  best  described  as  two  nerves: — 

(1)  The  vestibular  nerve  arises  as  the  central  processes  of  the  bipolar  cells  of 
the  vestibular  ganglion,  and  passes  into  the  brain-stem  on  the  inner  side  of  the  resti- 
form  body  to  find  its  nucleus  of  termination  (nucleus  vestibularis)  in  the  floor  of  the 
fourth  ventricle.  This  nucleus  occupies  a  triangular  area  of  considerable  extent 
(area  acustica,  figs.  591  and  594),  and  is  usually  subdivided  into  a  lateral  nucleus 
(Deiters'),  a  medial  nucleus  (Schwalbe's),  a  superior  nucleus  (Bechterew's),  and  an 
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inferior  nucleus  (nucleus  spinalis).  The  latter  is  a  downward  prolongation  of  the 
general  nucleus  vestibularis  which  accompanies  the  descending  root  of  the  nerve. 

From  the  cells  of  the  lateral  and  inferior  nuclei  axones  are  given  off  which  form 
reflex  paths  to  the  lateral  column  of  the  spinal  cord  (vestibulo-spinal  fasciculus, 
fig.  571).  From  both  the  lateral  nucleus  and  the  superior  nucleus  a  special  path  is 
given  off  which  passes  upwards  and  terminates  in  the  nucleus  fastigii  (cerebelli)  of 
the  opposite  side  and  in  the  nucleus  dentatus  and  the  cortex  of  the  vermis.  Also, 
fibres  arising  in  the  nuclei  fastigii  are  said  to  terminate  in  the  lateral  (Deiters')  nucleus 
in  addition  to  those  which  descend  into  the  ventral  marginal  fasciculus  of  the  spinal 
cord.  From  the  medial  and  also  from  the  superior  nucleus  fibres  pass  to  the  medial 
longitudinal  fasciculus  of  both  sides,  and  are  distributed  to  the  nucleus  of  the  abducens 
of  the  same  side  and  to  the  nuclei  of  the  trochlear  and  oculomotor  nerves  and  of  the 
motor  portion  of  the  trigeminus  of  the  same  and  opposite  sides.  Other  fibres  arising 
in  the  vestibular  nucleus  ascend  to  the  lateral  portion  of  the  thalamus. 

Many  of  the  anatomical  details  of  the  central  connections  of  the  vestibular  nerve 
have  not  yet  been  determined  with  exactness.  In  addition  to  whatever  other  func- 
tions it  may  have,  it  is  considered  to  be  the  nerve  of  equilibration,  and  the  connec- 


Fig.  600. — Transverse  Section  op  Medulla  at  Inferior  Border  of  Pons. 
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tions  noted  above  may  be  considered  the  pathways  by  which  it  exercises  this  function. 
The  fibres  of  the  apparatus  which  are  represented  in  the  spinal  cord  are  supposed  to 
convey  impulses  to  the  ventral  horn  (motor)  cells  of  the  cord  as  far  down  as  the  lum- 
bar region. 

(2)  The  cochlear  nerve,  probably  the  auditory  nerve  proper,  arises  as  the  central 
processes  of  the  bipolar  cells  of  the  spiral  ganglion  of  the  cochlea.  In  the  lateral 
periphery  of  the  restiform  body,  just  as  it  enters  the  pons,  the  nerve  finds  its  two 
nuclei  of  termination,  the  ventral  nucleus  and  the  dorsal  miclciis  (tuberculum  acusti- 
cum,  fig.  591). 

From  the  dorsal  nucleus  arise  the  stria?  medullares  acustici.  These  bundles,  more 
or  less  inconstant  in  man,  pass  around  the  dorsal  aspect  of  the  restiform  body  and 
course  just  under  the  ependyma  of  the  floor  of  the  fourth  ventricle  to  the  mid-line, 
where  they  suddenly  turn  downwards  into  the  substance  of  the  medulla,  and  in  doing 
so,  cross  to  the  opposite  side  and  join  the  lemniscus.  As  the  lemniscus  becomes 
separated  higher  up  into  a  medial  and  lateral  portion,  these  fibres  course  in  the  lateral 
lemniscus  and  are  distributed  chiefly  to  the  grey  substance  of  the  inferior  quadri- 
geminate  body  of  that- side. 

From  the  Ventral  nucleus  of  termination  fibres  arise  which  terminate  about  the 
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cells  of  the  superior  olivary  nucleus  of  the  same  and  opposite  sides.  The  superior 
olive  is  a  small  accumulation  of  grey  substance  which  lies  in  the  level  of  the  posterior 
portion  of  the  pons,  and  in  line  with  the  much  larger  inferior  olivary  nucleus  of  the 
medulla.  However,  it  is  not  analogous  to  the  latter  in  any  sense.  The  two  superior 
olives  form  links  in  the  central  acoustic  chain.  From  cells  of  the  superior  olivary 
nucleus  of  the  same  and  opposite  sides,  fibres  arise  which  pass  by  way  of  the  lateral 
lemniscus  and  terminate  in  the  grey  substance  of  the  inferior  quadrigeminate  body 
and  in  the  medial  geniculate  body,  thus  connecting  these  bodies  with  the  ventral 
nucleus  of  the  cochlear  nerve  of  the  opposite  side.  From  the  medial  geniculate  body 
fibres  arise  which  pass  to  the  cortex  of  the  superior  gyrus  of  the  temporal  lobe.  This 
path  is  supplemented  by  fibres  arising  in  the  inferior  quadrigeminate  body,  which 
likewise  go  to  the  temporal  lobe.  In  the  lateral  lemniscus  some  of  the  acoustic  fibres 
are  interrupted  by  cells  of  the  nucleus  of  the  lateral  lemniscus.  In  crossing  the  mid- 
line the  fibres  from  the  two  sources  form  a  more  or  less  compact  bundle,  the  corpus 


Fig.  601. — Scheme  showing  Some  of  the  Central  Connections  of  the  Acoustic  Nerve. 

(In  part  after  Edinger.) 
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trapezoideum.    To  this  are  added  fibres  crossing  between  the  nuclei  trapezoidei, 

smaller  masses  of  grey  substance  just  ventral  to  the  superior  olives. 

Also,  some  fibres  arising  in  the  nuclei  of  termination  of  the  cochlear  nerve  pass 
to  the  inferior  quadrigeminate  body  of  the  same  side.  On  the  other  hand,  the  con- 
nection with  the  medial  geniculate  body  is  thought  to  be  wholly  a  crossed  one. 
Further,  a  few  fibres  are  described  as  terminating  in  the  superior  quadrigeminate 
body  of  both  the  same  and  the  opposite  side. 

All  the  fibres  arising  in  the  superior  olivary  nucleus  do  not  enter  the  corpus 
trapezoideum  and  the  lateral  lemniscus.  A  small  bundle,  the  peduncle  of  the 
superior  olive,  arises  in  each  nucleus  and  courses  dorsally  to  the  region  of  the  nucleus 
of  the  abducens.  Here  certain  of  its  fibres  terminate  about  the  cells  of  the  nucleus 
of  the  abducens,  while  others  enter  the  medial  longitudinal  fasciculus  and  pass  to 
the  nuclei  of  the  trochlear  and  oculomotor  nerves,  thus  establishing  connections 
between  auditory  impulses  and  eye  movements. 
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The  facial  nerve  is  also  composed  of  two  parts.  Its  larger  part  is  purely  efferent 
or  motor,  while  its  considerably  smaller  root  or  pars  intermedia  contains  for  the 
most  part  sensory  fibres.  Both  the  facial  nerve  and  the  abducens  have  their  nuclei 
within  the  level  of  the  pons,  though  the  roots  of  both  appear  from  under  its  inferior 
border. 

The  nucleus  of  origin  of  the  motor  portion  of  the  facial  lies  in  the  ventro-lateral 
region  of  the  reticular  formation,  in  line  with  the  nucleus  ambiguus.  The  axones 
given  off  by  the  cells  of  this  nucleus  collect  into  a  bundle  which,  instead  of  passing 
ventrally  and  directly  to  the  exterior,  courses  at  first  dorso-mesially  up  to  the  mesial 
side  of  the  nucleus  of  origin  of  the  abducens  (ascending  root  of  the  facial);  then  it 
turns  and  courses  anteriorly  for  a  few  millimetres,  parallel  with  the  nucleus  of  the 
abducens  and  immediately  beneath  the  floor  of  the  fourth  ventricle  (genu  facialis) ; 
then  it  again  turns  abruptly  and  pursues  a  ventro-lateral  direction  to  its  point  of 
exit  at  the  inferior  border  of  the  pons,  near  the  entrance  of  the  vestibular  nerve.  Its 
exit  usually  involves  a  few  of  the  pons  fibres.  In  transverse  sections  through  the 
middle  of  the  nucleus  of  the  abducens  the  genu  of  the  facial  appears  as  a  compact, 
transversely  cut  bundle  at  the  dorso-medial  side  of  this  nucleus. 

The  pars  intermedia  (nervus  intermedius)  of  the  facial  is  chiefly  afferent  or  sen- 
sory. It  is  said  to  contain  efferent  secretory  (salivary)  fibres  which  arise  from  cells 
scattered  in  the  reticular  formation  about  the  dorsal  periphery  of  the  facial  nucleus. 
Though  in  company  with  the  large  motor  portion  during  the  exit  of  the  latter,  yet, 
quite  close  to  the  point  of  attachment,  the  pars  intermedia  may  frequently  be  dis- 
tinguished as  a  separate  root.  Shortly,  however,  it  becomes  intimately  united  with 
the  main  trunk.  Its  afferent  fibres  arise  from  the  cells  of  the  geniculate  ganglion  of 
the  facial,  and  from  numerous  cells  scattered  within  the  trunk  of  the  nerve.  These 
cells  correspond  to  those  of  the  spinal  ganglia,  each  giving  off  a  single  process  which 
bifurcates  into  a  peripheral  and  a  central  branch.  The  central  branch  finds  its 
nucleus  of  termination  in  what  may  be  called  the  mixed  lateral  sensory  area  of  the 
brain-stem — the  region  bounded  by  the  nucleus  of  termination  of  the  vestibular 
nerve,  the  superior  extremity  of  the  nucleus  of  the  solitary  tract,  and  the  nucleus  of 
termination  of  the  trigeminus. 

The  nucleus  of  origin  of  the  (motor)  facial  nerve  receives  impulses  from  the  lower 
portion  of  the  anterior  central  gyrus  of  the  cerebral  cortex  by  way  of  the  pyramid, 
which  gives  off  fibres  both  to  the  nucleus  of  the  same  side  and  by  way  of  arcuate 
fibres  through  the  raphe  to  the  nucleus  of  the  opposite  side.  It  also  receives  fibres 
from  the  root  of  the  trigeminus,  the  great  sensory  nerve  of  the  face,  and  from  the 
central  connections  of  the  auditory  nerve. 

The  abducens  is  a  small,  purely  motor  nerve,  which  supplies  the  external  rectus 
muscle  of  the  eye.  Its  nucleus  of  origin  lies  close  to  the  mid-line  in  the  medial  em- 
inence of  the  floor  of  the  fourth  ventricle,  and  in  line  with  that  of  the  hypoglossus. 
Its  root-fibres  pursue  a  ventral  course,  inclining  a  little  outwards  and  curving  in- 
feriorly  to  emerge  from  under  the  inferior  border  of  the  pons.  They  pass  lateral  to 
the  pyramid,  and  often  between  some  of  its  fasciculi.  The  nucleus  receives  cortical 
or  voluntary  impulses  by  way  of  the  pyramid,  chiefly  of  the  opposite  side.  Its  con- 
nection with  the  auditory  apparatus  and  the  medial  longitudinal  fasciculus  has 
already  been  noted.  It  probably  receives  afferent  impulses  through  the  fibres  of 
the  trigeminus. 

The  trigeminus  is  considerably  larger  than  any  of  the  nerves  inferior  to  it,  and 
has  the  most  extensive  central  connections  of  any  of  the  cranial  nerves.  It  is  a 
mixed  nerve,  but,  unlike  the  facial,  its  sensorij  root  is  the  larger  (portio  major)  and  its 
small  motor  root  (portio  minor)  is  separate  from  the  main  trunk  soon  after  its  emer- 
gence. The  two  roots  pass  together  through  the  brachium  pontis  in  line  with  the 
facial  nerve,  and  find  their  nuclei  in  the  grey  substance  underlying  the  floor  of  the 
fourth  ventricle. 

The  large  sensory  portion  serves  as  the  nerve  of  general  sensibility  for  the  face 
from  the  vertex  of  the  scalp  downwards,  and  thus  it  corresponds  to  the  afferent 
fibres  not  only  for  its  own  motor  root,  but  of  all  the  nerves  giving  motor  supply 
to  structures  underlying  its  domain.  Its  fibres  arise  from  its  large,  trilobed,  semilunar 
(( iasserian)  ganglion,  situated  outside  the  brain.  This  corresponds  to  the  dorsal  root 
ganglion  of  a  spinal  nerve,  and  its  cells  give  off  the  characteristic  T-fibres  with  periph- 
eral and  central  branches.  The  central  or  afferent  branches  upon  entering  the  brain- 
stem bifurcate  into  ascending  and  descending  divisions,  just  as  the  entering  dorsal 
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root-fibres  of  the  spinal  nerves,  and  find  their  nucleus  of  termination  in  a  dorso-lateral 
column  of  grey  substance,  which  consists  of  the  upward  continuation  of  the  gelatinous 
substance  of  Rolando  of  the  spinal  cord.  Opposite  the  entrance  of  the  nerve  is  a  con- 
siderably thickened  portion  of  this  column  of  grey  substance,  known  as  the  sensory 
nucleus  of  the  trigeminus,  and  the  remainder  below  is  called  the  nucleus  of  the  spinal 
tract  (fig.  599) .  After  bifurcation  the  branches  of  the  entering  fibres  of  the  trigeminus 
terminate  about  the  cells  of  these  nuclei.  The  descending  branches  are  much  longer 
than  the  ascending,  and  in  passing  downwards  form  the  spinal  tract  of  the  trigemi- 
nus, well  marked  in  all  transverse  sections  of  the  medulla  oblongata  (figs.  592,  593, 595, 
600) .  The  spinal  tract  decreases  rapidly  in  descending  the  medulla,  owing  to  the  rapid 
termination  of  its  fibres  in  the  nucleus  of  the  tract.  It  has  been  traced  as  far  down  as 
the  second  cervical  segment  of  the  spinal  cord.  The  ascending  branches  being  short, 
most  of  them  terminate  in  the  '  sensory  nucleus,'  and,  therefore,  the  upward  exten- 
sion of  the  nucleus  of  termination  of  the  fifth  nerve  is  both  very  short  and  scant. 

The  nucleus  of  origin  of  the  motor  root  of  the  trigeminus  is  also  in  two  parts. 
The  principal  nucleus  lies  on  the  dorso-medial  side  of  the  'sensory  nucleus,'  a  nucleus 
of  termination.  It  gives  rise  to  the  greater  part  of  the  motor  root,  and  its  fibres 
are  distributed  to  the  muscles  of  mastication.  Above  the  principal  nucleus  and  along 
the  line  of  the  locus  cceruleus  extends  the  nucleus  of  the  mesencephalic  (descending) 
root.  The  cells  of  this  latter  nucleus  are  thinly  scattered  as  high  up  as  the  posterior 
commissure  of  the  cerebrum,  and  the  mesencephalic  root  arising  from  them  gradually 
increases  (accumulates)  as  it  passes  through  the  mesencephalon  to  the  superior  level 
of  the  pons,  where  it  joins  the  fibres  arising  in  the  principal  nucleus. 

The  distribution  of  the  fibres  of  the  mesencephalic  root  is  not  clearly  settled. 
Collaterals  from  some  of  them  are  known  to  terminate  about  the  cells  of  the  principal 
nucleus,  and  thus  an  impulse  carried  by  them  is  not  only  given  a  wider  distribution, 
but  is  perhaps  reinforced  by  the  interpolation  of  another  neurone.  It  is  thought 
that  all  of  its  fibres  are  not  supplied  to  the  muscles  of  mastication  proper:  some 
may  supply  the  tensor  veli  palatini  and  tensor  tympani.  (Kolliker.)  Both  nuclei 
receive  cortical  fibres  from  the  pyramids. 

Axones  from  the  nucleus  of  termination  of  the  afferent  portion  of  the  trigeminus 
are  distributed — (1)  to  the  nuclei  of  its  motor  portion  of  the  same  and  opposite  sides 
(short  or  simple  reflex  fibres);  (2)  to  the  nuclei  of  the  motor  cranial  nerves;  (3) 
to  the  thalamus  of  the  same  and  chiefly  the  opposite  side,  and  thus,  through  inter- 
polation of  thalamic  cells,  their  impulses  reach  the  somsesthetic  area  of  the  cerebral 
cortex.  These  fibres  ascend  in  the  reticular  formation  instead  of  coursing  strictly 
within  the  lemniscus.  Fibres  crossing  the  mid-line  contribute  to  the  internal 
arcuates. 


The  internal  structure  of  the  pons. — The  nuclei  and  roots  of  the  trigeminus, 
abducens,  facialis,  and  acusticus  are  contained  within  the  level  of  the  pons,  and  their 
position  and  course  have  been  described  above.  The  pons  proper  (the  bridge)  con- 
sists of  a  mass  of  transversely  running  fibres  continuous  on  either  side  into  the 
brachia  pontis  or  middle  cerebellar  peduncles.  In  the  animal  series  the  relative 
amount  of  these  fibres  varies  with  the  size  of  the  cerebellum,  with  which  they  are 
connected.    They  are  relatively  more  abundant  in  man  than  "in  other  animals. 

In  transverse  sections  the  pons  fibres  are  seen  to  course  ventrally  about  the  main 
axis  of  the  brain-stem,  making  it  possible  to  divide  the  section  into  a  basilar  or 
ventral  part  and  a  dorsal  part  (tegmentum).  The  fibres  in  their  transverse  and  ven- 
tral course  around  the  medulla  oblongata  involve  the  pyramids.  At  the  inferior 
border  of  the  pons  the  fibres  little  more  than  separate  the  pyramids  as  such  from 
the  main  axis  of  the  brain-stem,  but  more  anteriorly  the  pons  fibres  pass  through  the 
pyramids,  splitting  them  into  the  pyramidal  fasciculi.  These  pyramidal  or  chief 
longitudinal  fibres  of  the  pons  are  the  continuation  of  the  basal  portion  of  the  cere- 
bral peduncles  through  the  pons,  to  emerge  as  the  pyramids  proper  at  its  inferior 
border.  They  occupy  an  intermediate  or  central  area  among  the  pons  fibres,  leaving 
the  periphery  of  the  pons  uninvaded.  The  superficial  pons  fibres  form  the  solid  bundle 
of  its  ventral  and  lateral  periphery  and  the  deep  pons  fibres  form  a  similar  bundle 
dorsally  enclosing  the  area  of  pyramidal  fasciculi. 

In  transverse  sections  through  the  inferior  portion  of  the  pons,  the  dorsal  or 
tegmental  part  consists  of  structures  continuous  with  and  analogous  to  the  structures  of 
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the  medulla  oblongata  immediately  below,  exclusive  of  the  pyramids.  In  addition, 
this  region  contains  the  superior  olivary  nucleus  and  the  corpus  trapezoideum.  The 
significance  of  these  structures  and  their  relation  to  the  nucleus  of  termination  of  the 

Fig.  603. — Diagram  of  Transverse  Section  op  Inferior  Part  of  Pons.  (Schwalbe.) 
The  restiform  body,  not  included,  occupies  the  curved  space   lateral   to  the   nucleus  of 

vestibular  nerve. 

LA  TERAL  NUCLEUS  OF 
GENU  OF  FACIAL  NERVE  NUCLEUS  OF  ABDUCENS       VESTIBULAR  NERVE 


cochlear  nerve  is  shown  in  fig.  601.  In  this  region  the  lemniscus  (fillet)  changes  from 
the  vertical  to  the  horizontal  arrangement,  and  its  lateral  edges  are  becoming  drawn 
outwards  to  form  the  lateral  lemniscus  of  the  regions  superior  to  this.    The  medial 

Fig.  604. — Diagram  of  Transverse  Section  Through  Upper  Part  of  Pons.  (Schwalbe.) 
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longitudinal  fasciculus,  left  alone  by  the  change  in  the  arrangement  of  the  lemniscus, 
maintains  its  dorsal  position  throughout  the  pons  and  into  the  mesencephalon  above. 

The  restiform  body  acquires  in  this  inferior  region  a  more  dorso-lateral  position 
than  in  the  medulla  below.    Its  fibres  are  beginning  to  turn  upwards  in  their  course 
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to  the  cerebellum  mesial  to  the  brachium  pontis.  Here  the  restiform  body  is  near- 
ing  completion,  and  the  fibres  now  contained  in  it  may  be  summarised  as  follows  : — 

(1)  The  fibres  of  the  cerebello-spinal  fasciculus  (direct  cerebellar  tract)  of  the 
same  side. 

(2)  Fibres  from  the  nuclei  funiculi  gracilis  and  funiculi  cuneati  of  the  same  and 
opposite  side  (external  arcuate  fibres). 

(3)  Fibres  to  and  from  the  inferior  olives  of  the  same  and  opposite  side  (cere- 
bello-olivary  fibres). 

(4)  Sensory  cerebellar  fibres  from  the  nuclei  of  termination  of  the  vagus,  glosso- 
pharyngeus,  vestibularis,  and  trigeminus,  and  from  the  cells  of  the  reticular  for- 
mation. 

(5)  Descending  fibres  to  the  motor  nuclei  of  these  nerves,  except  that  of  the 
trigeminus,  and  fibres  descending  into  the  intermediate  and  anterior  marginal 
fasciculi  of  the  spinal  cord,  the  latter  being  in  large  part  interrupted  by  cells  in  the 
nucleus  of  the  vestibular  nerve. 

The  ascending  fibres  of  the  restiform  body  are  distributed  to  the  cortex  of  the  ver- 
mis, the  nucleus  fastigii,  the  nucleus  dentatus,  nucleus  emboliformis,  and  nucleus 
globosus. 

Very  few  if  any  of  the  fibres  ascending  the  cord  in  Gowers'  tract  enter  the  cere- 

Fig.  605. — Diagram  showing  the  Rhombencephalic  Course  of  Gowers'  Tract  and  the 

Direct  Cerebellar  Tract. 


bellum  by  way  of  the  restiform  body.  This  tract  (the  superficial  anterolateral  fas- 
ciculus of  the  spinal  cord)  ascends  the  medulla,  dispersed  in  the  reticular  formation, 
and  therefore  in  a  more  ventral  position  than  that  of  the  direct  cerebellar  tract.  In 
this  position  it  becomes  enclosed  by  the  fibres  of  the  pons,  and  so  it  passes  upwards 
around  the  lateral  lemniscus  to  the  brachium  conjunctivum,  and  there  turns  back  to 
enter  the  cerebellum  by  way  of  the  anterior  medullary  velum.  Certain  clinical 
phenomena,  probably  purely  psychological,  have  been  alleged  to  indicate  that  some 
of  the  fibres  of  Gowers'  tract  pass  on  to  the  cerebrum  instead  of  turning  in  the  med- 
ullary velum  to  enter  the  cerebellum. 

The  dorsal  part  of  a  transverse  section  through  the  upper  part  of  the  pons  con- 
tains the  brachia  conjunctiva  (superior  cerebellar  peduncles)  instead  of  the 
restiform  bodies  or  inferior  peduncles.  Instead  of  the  cerebellum  forming  the  roof 
of  the  fourth  ventricle,  in  this  region  the  roof  is  formed  by  the  anterior  medullary 
velum  bridging  the  space  between  the  two  brachia  conjunctiva.  Adhering  upon  the 
medullary  velum  is  the  lingula  cerebelli— the  ventral  extremity  of  the  superior 
vermis.    This  is  the  only  portion  of  the  cerebellum  attached  to  this  region. 

The  lemniscus  (fillet)  is  found  more  lateral  than  at  the  inferior  border  of  the 
pons,  and  is  divided  into  the  medial  lemniscus  and  lateral  lemniscus  proper.  The 
lateral  lemniscus  has  shifted  dorsally  until  in  this  region  it  courses  in  the  dorso- 
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lateral  margin  of  the  section  external  to  the  brachium  conjunctivum.  The  mesen- 
cephalic root  of  the  trigeminus  occurs  in  the  dorso-lateral  margin  of  transverse  sec- 
tions through  this  region,  and  this  is  the  only  one  of  the  cranial  nerves  represented 
here. 

The  transverse  fibres  of  the  ventral  part  of  the  section  (pons  proper) ,  and  there- 
fore the  brachia  pontis,  consist  of  fibres  coursing  in  opposite  directions.  Many  are 
fibres  which  are  outgrowths  of  the  Purkinje  cells  of  the  cortex  of  the  cerebellar 
hemispheres,  and  pass  either  directly  to  the  hemisphere  of  the  opposite  side  or  turn 
upwards  in  the  raphe  to  course  longitudinally  in  the  brain-stem  both  towards  the 
spinal  cord  and  towards  the  mesencephalon.  Others  terminate  in  the  grey  substance 
of  the  pons.  Others  are  fibres  which  arise  in  the  grey  substance  of  the  pons  and  pass 
to  the  cerebellar  hemispheres,  and  still  others  are  the  cerebro-pontile  fibres,  chiefly 
from  the  temporal  lobes. 

The  grey  substance  of  the  pons  (nuclei  pontis)  occurs  quite  abundantly.  At 
the  inferior  border  of  the  pons  it  is  found  concentrated  about  the  then  more  ac- 
cumulated bundles  of  the  emerging  pyramids,  and  serial  sections  show  it  to  be  a 

Fig.  606. — Diagram  showing  Connections  of  the  Fibres  of  the  Pons. 
The  plane  of  the  section  is  obliquely  transverse  or  parallel  with  the  direction  of  the  brachia  pontis. 
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direct  upward  continuation  of  the  arcuate  nuclei  of  the  medulla  oblongata  below. 
Higher  up  it  is  dispersed  throughout  the  central  area  in  the  interspaces  between  the 
transverse  pontile  and  longitudinal  pyramidal  fasciculi.  A  large  portion  of  the  nerve- 
fibres  passing  through  it  are  thought  to  be  interrupted  by  its  cells,  which  thus  serve 
as  links  in  some  of  the  neurone  chains  represented  by  the  fibres  of  the  pons.  Of  the 
more  important  of  such  relations,  the  following  are  said  to  exist : — 

(1)  Fibres  which  arise  in  the  cortex  of  one  cerebellar  hemisphere  and  terminate 
about  cells  of  the  nucleus  pontis  of  the  same  and  opposite  side  of  the  mid-line.  These 
cells  give  off  axones  which  pass  to  the  other  cerebellar  hemisphere.  In  this  relation 
the  nuclei  pontis  are  analogous  to  the  arcuate  nuclei,  save  that  the  cerebellar  fibres 
interrupted  in  the  former  are  connected  with  the  cerebellum  by  way  of  the  brachia 
pontis  instead  of  the  restiform  bodies. 

(2)  Certain  of  the  descending  cerebro-pontile  fibres  terminate  about  cells  of  the 
nuclei  pontis.  Such  cells  give  off  fibres  which  probably,  for  the  most  part,  pass  to 
the  cerebellar  hemispheres,  the  impulses  from  the  cerebral  hemisphere  of  one  side 
being  conveyed  chiefly  to  the  opposite  cerebellar  hemisphere. 
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Of  the  cerebro-pontile  paths,  the  frontal  pontile  path  (Arnold's  bundle)  is  de- 
scribed as  arising  in  the  cortex  of  the  frontal  lobe,  passing  in  the  anterior  portion  of 
the  internal  capsule  down  into  the  medial  part  of  the  base  of  the  cerebral  peduncle, 
and  terminating  in  the  grey  substance  of  the  pons.  The  descending  temporal 
pontile  path,  sometimes  called  Turk's  bundle,  arises  in  the  cortex  of  the  temporal 
lobe,  occupies  the  posterior  portion  of  the  internal  capsule,  lies  lateral  in  the  pyramidal 
portion  of  the  cerebral  peduncle,  and  terminates  in  the  grey  substance  of  the  pons. 
The  total  area  in  transverse  section  of  the  pyramidal  fasciculi  as  they  enter  the  pons 
above  is  considerably  greater  than  that  which  they  possess  as  they  emerge  as  the 
pyramids  of  the  medulla  below.  The  difference  is  considered  very  appreciably 
greater  than  can  be  explained  as  due  to  the  loss  of  pyramidal  fibres  supplied  to  the 
nuclei  of  origin  of  the  cranial  nerves  lying  within  the  level  of  the  pons,  and  the  ad- 
ditional difference  is  explained  as  due  to  the  termination  within  the  pons  of  the 
cerebro-pontile  paths. 


THE  CEREBRUM 

THE  MESENCEPHALON 

The  mesencephalon  or  mid-brain  is  that  small  portion  of  the  encephalon  which  is 
situated  between  and  connects  the  rhombencephalon  below  with  the  prosencephalon 
above.  It  is  continuous  with  the  isthmus  rhombencephali,  and  occupies  the  ten- 
torial notch,  the  aperture  of  the  dura  mater  which  connects  the  meningeal  cavity 
containing  the  cerebellum  with  that  occupied  by  the  prosencephalon.  Its  greatest 
length  is  about  18  mm.,  and  it  is  broader  ventrally  than  dorsally.  Its  dorsal  surface 
is  hidden  by  the  overlapping  occipital  lobes  of  the  cerebral  hemispheres.  It  consists 
of — (1)  the  lamina  quadrigemina,  a  plate  of  mixed  grey  and  white  substance  which 
goes  over  lateralwards  and  below  into  (2) ,  the  cerebral  peduncles  (crura)  and  their 
tegmental  structures,  and  it  contains  (3),  the  nuclei  of  origin  of  the  trochlear  and  oculo- 
motor nerves.  It  arises  from  thickenings  of  the  walls  of  the  middle  cerebral  vesicle 
of  the  embryo,  the  lamina  quadrigemina  arising  from  the  dorsal  or  alar  lamina  of  this 
portion  of  the  neural  tube,  while  the  basal  lamina  thickens  to  form  the  cerebral 
peduncles.  By  means  of  the  lamina  quadrigemina  roofing  it  over,  the  neural  canal 
throughout  the  mesencephalon  retains  its  tubular  form  and  is  known  as  the 
aquaeductus  cerebri  (Sylvii),  connecting  the  cavity  of  the  fourth  ventricle  below 
with  that  of  the  third  ventricle  above. 

External  features. — Dorsal  surface. — The  lamina  quadrigemina  shows  four 
well-rounded  elevations,  the  corpora  quadrigemina,  divided  by  a  flat  median 
groove  crossed  at  right  angles  by  a  transverse  groove.  The  anterior  pair  of  these, 
the  superior  quadrigeminate  bodies  or  superior  colliculi,  are  larger  though  less  prom- 
inent than  the  inferior  pair  or  inferior  colliculi.  Each  colliculus  is  continued  laterally 
and  upwards  into  its  arm  or  brachium.  The  inferior  brachium  proceeds  from  the 
inferior  colliculus,  disappears  beneath  and  is  continuous  into  the  medial  genicu- 
late body,  and  enters  the  thalamus.  The  superior  brachium  proceeds  from  the 
superior  colliculus,  disappears  between  the  medial  geniculate  body  and  the  overlap- 
ping pulvinar  of  the  thalamus,  and  becomes  continuous  with  the  lateral  geniculate 
body  and  thus  with  the  lateral  root  of  the  optic  tract. 

The  geniculate  bodies  are  rounded  elevations  of  grey  substance  which  arise  as 
detached  portions  of  the  thalami,  and  therefore  belong  to  the  thalamencephalon 
rather  than  to  the  mesencephalon.  The  superior  quadrigeminate  body  or  superior 
colliculus  and  the  lateral  geniculate  body  are  a  part  of  the  optic  apparatus,  while  the 
inferior  colliculus  and  the  medial  geniculate  body  belong  chiefly  to  the  auditory  ap- 
paratus (see  Central  Connections  of  Cochlear  Nerve)  .  Just  as  the  cochlear  nerve 
is  connected  by  a  few  fibres  with  the  superior  colliculus,  so  do  some  fibres  from  the  optic 
tract  pass  into  the  inferior  colliculus.  Also  some  fibres  from  the  optic  tract  (mesial 
root)  are  said  to  terminate  in  the  medial  geniculate  body.  Resting  in  the  broadened 
medial  groove  between  the  superior  quadrigeminate  bodies  lies  the  non-nervous 
epiphysis  or  pineal  body.  This  also  belongs  to  the  thalamencephalon.  Under  the 
stem  of  the  epiphysis  is  a  strong  transverse  band  of  white  substance  crossing  the  mid- 
line as  a  bridge  over  the  opening  of  the  aquaeductus  cerebri  into  the  third  ventricle. 
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This  is  the  posterior  commissure  of  the  cerebrum,  and  contains  commissural  fibres 
arising  in  both  the  thalamencephalon  and  mesencephalon.  The  triangular  area 
bounded  by  the  stem  of  the  epiphysis,  the  thalamus,  and  the  superior  colliculus  with 
its  brachium,  is  known  as  the  habenular  trigone. 

Inferiorly,  the  lamina  quadrigemina  is  continuous  with  the  brachia  conjunctiva 
or  superior  cerebellar  peduncles,  and  with  the  anterior  medullary  velum  which  bridges 
between  the  mesial  margins  of  these  peduncles.  The  narrowed  upper  end  of  the 
velum,  the  part  directly  below  the  inferior  quadrigeminate  bodies,  is  thickened  into 
a  well-defined  white  band  known  as  the  frenulum  veli.  From  the  lateral  margins  of 
this  band  on  each  side  and  just  below  the  inferior  quadrigeminate  bodies  emerge  the 
trochlear  nerves  (the  fourth  pair  of  cranial  nerves),  and  the  increased  thickness  of 
the  band  is  largely  due  to  the  decussation  of  this  pair  of  nerves  taking  place  within  it. 

The  brachium  conjunctivum,  together  with  the  inferior  and  superior  colliculi 
of  each  side,  form  a  marked  ridge  which  results  in  the  lateral  sulcus  of  the  mesencepha- 


Fig.  607. — Dorsal  Surface  of  Mesencephalon  and  Adjacent  Parts.    (After  Spalteholz.) 
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Ion,  a  lateral  depression  between  the  base  of  this  ridge  and  the  cerebral  peduncle  below 
and  continuous  into  the  transverse  sulcus  of  the  superior  border  of  the  pons.  The 
ridge  is  thickened  laterally  by  the  lateral  lemniscus,  which  is  disposed  as  a  band  of 
white  substance  passing  obliquely  upwards  from  the  brachium  pontis,  applied  to  the 
lateral  surface  of  the  brachium  conjunctivum  and  which  enters  the  lateral  margin 
of  the  mesencephalon. 

The  ventral  surface  of  the  mesencephalon  is  formed  by  the  cerebral  peduncles 
(crura),  two  large  bundles  of  white  substance  which  are  close  to  one  another  at  the 
superior  margin  of  the  pons,  but  immediately  diverge  at  a  wide  angle,  producing  the 
interpeduncular  fossa,  and  in  so  doing  pass  upwards  and  lateralwards  to  disappear 
beneath  the  optic  tracts  (fig.  580) .  The  posterior  recess  of  the  interpeduncular  fossa 
extends  slightly  under  the  superior  margin  of  the  pons,  while  its  anterior  recess  is 
occupied  by  the  corpora  mammillaria  of  the  prosencephalon.  The  triangular  floor  of 
the  fossa  is  the  posterior  perforated  substance,  a  greyish  area  presenting  numer- 
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ous  openings  for  the  passage  of  blood-vessels.  It  is  divided  by  a  shallow  median 
groove  and  is  marked  off  from  the  inner  surface  of  each  peduncle  by  the  oculomotor 
sulcus,  out  of  which  emerge  the  roots  of  the  oculomotor  nerves.  The  ventral  sur- 
face of  each  peduncle  is  rounded  and  has  a  somewhat  twisted  appearance,  indicating 
that  its  fibres  curve  from  above  medianwards  and  inwards.  Sometimes  two  small, 
more  or  less  transverse  bands  of  fibres  may  be  noted  crossing  the  peduncle — an  in- 
ferior, the  tcenia  pontis,  and  a  superior,  the  transverse  peduncular  tract.  The  inferior 
represents  detached  fibres  of  the  pons;  the  superior  appears  to  be  derived  from  the 
quadrigeminate  bodies.  Since  it  is  well  developed  in  the  cat,  dog,  sheep,  and  rab- 
bit, but  is  absent  or  little  marked  in  the  mole,  it  is  supposed  to  be  concerned  with 
the  optic  apparatus. 

Internal  structure. — Transverse  sections  of  the  mesencephalon  throughout  are 
composed  of — (1)  a  dorsal  part,  consisting  of  the  lamina  quadrigemina  or  the  grey 
substance  of  the  corpora  quadrigemina,  with  the  strata  and  bundles  of  nerve-fibres 
connected  with  them,  and  the  abundant  central  grey  substance  surrounding  the 
aqueduct;  (2)  a  tegmental  part,  consisting  of  the  upward  continuation  of  the  reticular 
formation  of  the  medulla  oblongata  and  that  of  the  dorsal  (tegmental)  portion  of  the 
pons  region,  to  which  are  added  the  superior  cerebellar  peduncles  and  the  red  nuclei 

Fig.  608. — Diagram  of  Lateral  View  of  Mesencephalon  and  Adjacent  Structures. 

(After  Gegenbaur,  modified.) 


of  the  tegmentum  in  which  these  peduncles  terminate;  (3)  a  paired  ventral  part,  the 
cerebral  peduncles,  each  of  which  consists  of  a  thick,  pigmented  stratum  of  grey 
substance,  the  substantia  nigra,  spread  upon  the  large,  superficial,  and  somewhat 
crescentic  tract  of  white  substance  known  as  the  basis  of  the  peduncle. 

The  cerebral  peduncles  correspond  to  the  longitudinal  or  pyramidal  fasciculi  of 
the  pons  and  medulla.  Likewise  the  lemniscus  and  the  medial  longitudinal  fasciculus 
of  the  medulla  and  pons  continue  through  all  sections  of  the  mesencephalon. 

The  central  grey  substance  is  a  continuation  of  the  central  grey  substance  of  the 
spinal  cord  and  the  similar  stratum  of  the  medulla  and  that  which  immediately  under- 
lies the  ependyma  of  the  fourth  ventricle.  As  in  the  spinal  cord  and  medulla,  it  is 
largely  composed  of  gelatinous  substance.  It  is  much  more  abundant  in  the  mesen- 
cephalon, and  in  sections  appears  as  a  circumscribed  area  comparatively  void  of 
nerve-fibres. 

The  nucleus  of  the  mesencephalic  root  of  the  trigeminus  may  likewise  be  traced 
throughout  the  mesencephalon.  It  consists  of  a  few  small  bundles  of  fibres  surround- 
ing a  thin  strand  of  nerve-cells  of  the  motor  type  which  give  origin  to  its  fibres.  It 
courses  downwards  close  to  the  lateral  margin  of  the  central  grey  substance,  and  is 
quite  small  at  its  beginning  in  the  extreme  superior  part  of  the  mesencephalon,  but 
as  it  descends  towards  the  exit  of  its  fibres  from  the  pons  as  a  part  of  the  motor  root 
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of  the  trigeminus,  it  increases  slightly  in  size,  due  to  the  progressive  addition  of  fibres. 
Its  nucleus  also  increases  slightly  in  bulk  in  approaching  the  region  of  the  principal 
motor  nucleus  of  the  trigeminus.  The  sensory  nucleus  (nucleus  of  termination)  of 
the  trigeminus  probably  does  not  extend  appreciably  into  the  mesencephalon. 

The  nuclei  of  the  trochlear  and  oculomotor  nerves  form  a  practically  continuous 
column  of  nerve-cells  extending  close  to  the  mid-line  and  ventral  to  the  aquseductus 
cerebri.  They  are  in  line  with  the  nuclei  of  origin  of  the  abducens  and  hypoglossus, 
and,  like  them,  may  be  regarded  as  an  upward  continuation  of  the  ventral  group 
of  the  cells  of  the  ventral  horn  of  the  spinal  cord.  The  portion  of  the  column  giving 
origin  to  the  oculomotor  nerve  is  considerably  larger  than  that  of  the  trochlear. 

A  transverse  section  through  the  inferior  quadrigeminate  bodies  involves  a  por- 
tion of  the  decussation  of  the  brachia  conjunctiva  and  the  nuclei  of  origin  of  the 
trochlear  nerves,  while  a  transverse  section  through  the  superior  quadrigeminate 


Fig.  609. — Transverse  Section  Through  the  Inferior  Quadrigeminate  Bodies. 
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bodies  passes  through  the  red  nuclei  of  the  tegmentum  and  the  nuclei  of  origin  of  the 
oculomotor  nerves.  The  latter  section  will  also  involve  the  brachia  of  the  inferior 
quadrigeminate  bodies  and  the  medial  geniculate  bodies  connected  with  them. 

The  trochlear  or  fourth  nerve  is  the  smallest  of  the  cranial  nerves,  and  is  the 
only  one  which  makes  its  exit  from  the  dorsal  surface  of  the  brain,  as  well  as  the  only 
one  whose  fibres  undergo  a  total  decussation.  Its  nucleus  of  origin  is  situated  be- 
neath the  inferior  quadrigeminate  bodies  in  the  ventral  margin  of  the  central  grey 
substance,  quite  close  to  the  micl-line  and  to  its  fellow  nucleus  of  the  opposite  side, 
and  it  is  closely  associated  with  the  dorso-mesial  margin  of  the  medial  longitudinal 
fasciculus.  Its  fibres  pass  outwards  and  dorsalwards,  curving  around  the  margin 
of  the  central  grey  substance,  mesial  to  the  mesencephalic  root  of  the  trigeminus. 
As  the  root  curves  towards  the  mid-line  in  the  dorsal  region  just  beneath  the  inferior 
quadrigeminate  bodies,  it  turns  sharply  and  courses  inferiorly  to  approach  the  surface 
52 
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in  the  superior  portion  of  the  anterior  medullary  velum.  In  this  it  meets  and  under- 
goes a  total  decussation  with  the  root  of  its  fellow  nerve,  and  then  emerges  at  the 
inner  margin  of  the  superior  cerebellar  peduncle  of  the  opposite  side.  Having 
emerged,  it  then  passes  ventrally  around  the  cerebral  peduncle,  and  thence  pursues 
its  course  to  the  superior  oblique  muscle  of  the  eye. 

The  oculomotor  or  third  nerve,  like  the  trochlear,  is  purely  motor.  It  is  the 
largest  of  the  eye-muscle  nerves.  It  supplies  in  all  seven  muscles  of  the  optic  appara- 
tus:— two  intrinsic,  the  sphincter  iridis  and  the  ciliary  muscle,  and  five  extrinsic. 
Of  the  latter,  the  levator  palpebrse  superioris  is  of  the  upper  eyelid,  while  the  re- 
maining four,  the  superior,  internal,  and  inferior  recti  and  the  obliquus  superior, 
are  attached  to  the  bulb  of  the  eye.  As  is  to  be  expected,  its  nucleus  of  origin  is 
larger  and  much  more  complicated  than  that  of  the  trochlear  nerve.  Practically 
continuous  with  that  of  the  trochlear  below,  the  nucleus  is  5  or  6  mm.  in  length  and 
extends  anteriorly  a  short  distance  beyond  the  bounds  of  the  mesencephalon  into 
the  grey  substance  by  the  side  of  the  third  ventricle.  It  lies  in  the  ventral  part  of 
the  central  grey  substance,  and  is  very  intimately  associated  with  the  medial  lon- 
gitudinal fasciculus.  Its  thickest  portion  is  beneath  the  summit  of  the  superior 
quadrigeminate  body.    The  root-fibres  leave  the  nucleus  from  its  ventral  side  and 


Fig.  610. — Diagrams  showing  the  Course  of  Origin  of  the  Trochlear  Nerves.  (Stilling.) 
The  upper  figure  shows  roughly  the  entire  central  course  of  the  fourth  nerves  ;  the  lower  rep- 
resents their  region  of  exit  in  transverse  section. 


collect  into  bundles  which  pass  through  the  medial  longitudinal  fasciculus  and 
course  ventrally  to  the  mesial  portion  of  the  substantia  nigra,  where  they  emerge  in 
from  six  to  fifteen  rootlets  which  blend  to  form  the  trunk  of  the  nerve  in  the  oculo- 
motor sulcus.  Those  bundles  which  arise  from  the  more  lateral  portion  of  the  nucleus 
course  in  a  series  of  curves  through  the  substance  of  the  red  nucleus  below  and,  in  the 
substantia  nigra,  join  those  which  pursue  the  more  direct  course.  The  trunk  thus 
assembled  passes  outwards  around  the  mesial  border  of  the  cerebral  peduncle. 

A  portion  of  the  fibres  of  the  oculomotor  nerve  upon  leaving  the  nucleus  decussate 
in  the  tegmentum  immediately  below  and  pass  into  the  nerve  of  the  opposite  side, 
in  which  they  are  believed  to  be  distributed  to  the  opposite  internal  rectus  muscle. 
The  cells  of  the  nucleus  have  been  variously  grouped  and  subdivided  with  reference 
to  the  different  muscles  supplied  by  the  nerve.  Perlia  has  divided  them  into  eight 
cell-groups.  The  nucleus  may  be  more  easily  considered  as  composed  of  an  inferior 
and  a  superior  group.  The  inferior  group  consists  of  a  long  lateral  portion  continuous 
with  the  nucleus  of  the  trochlear  nerve  below,  and  a  smaller  medial  portion,  situated 
in  the  medial  plane  and  continuous  across  the  mid-line  with  its  fellow  of  the  opposite 
side.  The  superior  group  consists  of  cells  of  smaller  size  than  the  inferior,  and  is 
known  as  the  nucleus  of  Edinger  and  Westphal.    It  is  believed  to  give  origin  to  the 
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fibres  which,  by  way  of  the  ciliary  ganglion,  supply  the  two  intrinsic  muscles  con- 
cerned, viz.,  the  ciliary  muscle  and  the  sphincter  iridis. 

The  nucleus  of  the  oculomotor  is  connected  with  the  remainder  of  the  optic  ap- 
paratus— (1)  by  way  of  the  neurones  of  the  superior  quadrigeminate  body  with  the 
optic  tract  (retina)  and  the  occipital  part  of  the  cerebral  cortex ;  (2)  by  way  of  the 
medial  longitudinal  fasciculus  with  the  nuclei  of  the  trochlear  and  abducens  (the 
latter  making  possible  the  co-ordinate  action  of  the  external  and  internal  recti  for 
the  conjugate  eye  movements  produced  by  these  muscles),  and  with  the  nucleus  of 
the  facial  (associating  the  innervation  of  the  levator  palpebrse  with  that  of  the  or- 
bicularis oculi);  (3)  with  the  nuclei  of  termination  of  the  sensory  nerves,  especially 
the  auditory,  by  way  of  the  lemniscus  and  medial  longitudinal  fasciculus.  It  is 
probably  connected  with  the  cerebellum  by  way  of  the  brachia  conjunctiva  and  red 
nuclei. 


The  eminence  representing  the  inferior  quadrigeminate  body  proper  consists 
of  an  oval  mass  of  grey  substance,  the  nucleus  of  the  inferior  colliculus,  containing  nu- 
merous nerve-cells,  most  of  which  are  of  small  size.  A  thin  superficial  lamina  of  white 
substance,  the  stratum  zonale,  forms  its  outermost  boundary,  and  fibres  from  the 
lateral  lemniscus  enter  it  laterally  and  from  below.  Near  the  lateral  margin  of  the 
central  grey  substance  occurs  the  beginning  of  the  inferior  brachmm,  a  bundle  con- 
taining fibres  to  and  from  the  medial  geniculate  body  and  the  thalamus. 

The  lemniscus  at  this  level  is  considered  in  two  parts.  The  more  lateral  portion 
of  the  horizontal  arrangement  assumed  in  the  pons  has  here  spread  dorso-laterally, 
and  occupies  a  position  in  the  lateral  margin  of  the  section,  and  is  known  as  the 
lateral  lemniscus,  while  the  medial  portion  which  remains  practically  horizontal 
in  the  tegmentum  is  distinguished  as  the  medial  lemniscus.  (See  fig.  609.)  In  the 
upper  portion  of  the  lateral  lemniscus  occurs  a  small,  scattered  mass  of  grey  sub- 
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stance,  the  nucleus  of  the  lateral  lemniscus,  in  which  many  of  its  fibres  are  inter- 
rupted. 

The  upper  and  greater  portion  of  the  lateral  lemniscus  with  its  nucleus  belongs 
to  the  auditory  apparatus,  being  connected  with  the  nucleus  of  termination  of  the 
cochlear  nerve,  chiefly  of  the  opposite  side.  (See  fig.  601.)  A  large  part  of  the  fibres 
of  this  portion  terminate  in  the  inferior  quadrigeminate  bodies.  Many  of  these  enter 
at  once  the  nucleus  of  the  body  of  the  same  side,  and  disappear  among  its  cells ;  others 
cross  the  mid-line  to  the  quadrigeminate  body  of  the  opposite  side.  In  crossing, 
some  pass  superficially  and  thus  contribute  to  the  stratum  zonale,  while  others  pass 
either  through  the  nucleus  or  below  it  and  cross  beneath  the  floor  of  the  median 
groove  between  the  stratum  zonale  and  the  dorsal  surface  of  the  central  grey  sub- 
stance, forming  there  an  evident  decussation  with  similar  fibres  crossing  from  the 
opposite  side.  Most  of  the  fibres  arising  from  the  cells  of  the  nucleus  of  the  quad- 
rigeminate body  either  pass  by  way  of  the  inferior  brachium  to  the  medial  geniculate 


body  and  the  thalamus,  or  pass  ventrally  to  terminate  in  the  nucleus  of  origin  of  the 
trochlear  nerve.  Another  portion  of  the  lateral  lemniscus  passes  obliquely  forwards 
in  company  with  the  inferior  brachium,  and  terminates  in  the  medial  geniculate 
body.  Thus  the  inferior  quadrigeminate  bodies  with  their  brachia  and  the  medial 
geniculate  bodies  and  a  large  portion  of  the  lateral  lemniscus  are  concerned  with 
the  sense  of  hearing. 

Practically  all  the  remainder  of  the  lateral  lemniscus  terminates  in  the  nucleus, 
or  stratum  cinereum,  of  the  superior  quadrigeminate  body  of  the  same  and  opposite 
sides.  They  approach  the  nucleus  from  below,  and  contribute  to  the  well-marked 
band  of  fibres  coursing  on  the  dorso-lateral  margin  of  the  central  grey  substance, 
and  known  as  the  'optic-acoustic  reflex  path'  (fig.  611). 

The  medial  lemniscus  arises  in  the  medulla  oblongata  from  the  nuclei  (of  term- 
ination) of  the  funiculus  gracilis  and  funiculus  euneatus  of  the  opposite  side,  and 
likewise  from  the  nuclei  of  termination  of  the  sensory  roots  of  the  cranial  nerves.  It 
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is,  therefore,  a  continuation  of  the  central  sensory  pathway  conveying  the  general 
bodily  sensations  into  the  prosencephalon.  In  passing  the  superior  quadrigeminate 
body  it  contributes  fibres  to  its  nucleus.  The  remaining  part,  coursing  still  more  later- 
ally than  below,  passes  into  the  hypothalamic  grey  substance,  in  the  lateral  portion 
of  which  most  of  its  fibres  terminate.  From  the  thalamic  region  the  impulses  borne 
thither  by  the  lemniscus  are  conveyed  by  way  of  the  internal  capsule  and  corona 
radiata  to  the  gyri  of  the  somsesthetic  area  of  the  cerebral  cortex. 

The  basis  (pes)  pedunculi  comprises  the  great  descending  pathway  from  the  cere- 
bral cortex,  and  thus  is  continuous  with  the  internal  capsule  of  the  telencephalon. 
The  principal  components  of  each  basis  pedunculi  are  as  follows: — (1)  The  pyra- 
midal fibres,  which  occupy  the  middle  portion  of  the  peduncle  and  comprise  three- 
fifths  of  its  bulk,  and  which  are  outgrowths  of  the  giant  pyramidal  cells  of  the  somses- 
thetic area  of  the  cerebral  cortex.  These  supply  '  voluntary'  impulses  to  the  motor 
nuclei  of  the  cranial  nerves,  form  the  pyramids  of  the  medulla,  and  are  distributed 
to  the  ventral  horn  cells  of  the  spinal  cord.  (2)  The  frontal  pontile  fibres,  which  course 
in  the  mesial  part  of  the  peduncle  from  the  cortex  of  the  frontal  lobe  to  their  termina- 
tion in  the  grey  substance  of  the  pons.  (3)  The  temporal  pontile  fibres,  which  run 
in  the  lateral  portion  of  the  peduncle  from  their  origin  in  the  temporal  lobe  to  their 
termination  in  the  grey  substance  of  the  pons. 

The  substantia  nigra  is  continuous  with  the  grey  substance  of  the  pons  and  of 
the  reticular  formation  below,  and  with  that  of  the  hypothalamic  region  above.  Its 
remarkable  abundance  begins  at  the  superior  border  of  the  pons,  and  it  conforms  to 
the  crescentic  inner  contour  of  the  basis  pedunculi,  sending  numerous  processes 
which  occupy  the  inter-fascicular  spaces  of  the  latter.  It  contains  numerous  deeply 
pigmented  nerve-cells,  which  in  the  fresh  specimen  give  the  appearance  suggesting 
its  name.  Its  anatomical  significance  is  not  well  understood.  It  is  known  that 
some  fibres  of  the  medial  lemniscus  terminate  about  its  cells  instead  of  in  the 
hypothalamus  higher  up,  and  Melius  has  found  in  the  monkey  that  a  large  portion 
of  the  pyramidal  fibres  arising  in  the  thumb  area  of  the  cerebral  cortex  are  interrupted 
in  the  substantia  nigra.  It  is  probable  that  other  fibres  of  the  basis  pedunculi  also 
terminate  here. 

The  brachia  conjunctiva  or  superior  cerebellar  peduncles,  in  passing  from  their 
origin  in  the  dentate  nuclei,  lose  their  flattened  form  and  enter  the  mesencephalon  as 
rounded  bundles.  In  the  tegmentum,  under  the  inferior  colliculi,  the  two  brachia 
come  together  and  undergo  a  sudden  and  complete  decussation.  Through  this 
decussation  the  fibres  of  the  brachium  of  one  side  pass  forwards  to  terminate,  most 
of  them,  in  the  red  nucleus  of  the  tegmentum  (nucleus  ruber)  of  the  opposite  side 
(fig.  589). 

The  red  nuclei  are  two  large,  globular  masses  of  nerve-cells  situated  in  the 
tegmentum  under  the  superior  quadrigeminate  bodies.  At  all  levels  they  are  con- 
siderably mixed  with  the  entering  bundles  of  the  brachia  conjunctiva,  and  they  con- 
tain a  pigment  which  in  the  fresh  condition  gives  them  a  reddish  colour,  suggesting 
their  name.  They  receive  in  addition  descending  fibres  from  the  cerebral  cortex 
and  from  the  nuclei  of  the  corpus  striatum.  From  the  cells  of  each  red  nucleus 
arise  fibres  which  pass — (1)  into  the  thalamus  and  to  the  telencephalon  (prosenceph- 
alic  continuation  of  the  cerebellar  path),  and  (2)  fibres  which  descend  into  the 
spinal  cord,  the  ' rubro-spinal  tract,'  in  the  intermediate  fasciculus  (fig.  571).  The 
latter  cross  from  the  red  nucleus  of  the  opposite  side  and  descend  in  the  tegmentum. 
The  red  nuclei  are  also  in  relation  with  the  fasciculus  retroflexus  of  Meynert,  which 
belongs  to  the  inter-brain. 

The  superior  quadrigeminate  bodies  (superior  colliculi)  are  phylogenetically 
more  important  than  the  inferior.  In  certain  of  the  lower  vertebrates  they  are 
enormously  developed  and  in  most  of  the  mammals  they  are  relatively  larger  and  ap- 
pear more  complicated  in  structure  than  in  man.  They  are  concerned  almost  wholly 
with  the  visual  apparatus. 

The  nucleus  of  the  superior  colliculus  is  of  somewhat  greater  bulk  than  that  of 
the  inferior.  It  is  capped  by  a  strong  stratum  zonale  (fig.  611),  which  has  been  described 
as  composed  chiefly  of  retinal  fibres,  passing  to  it  from  the  optic  tract  by  way  of  the 
superior  brachium,  but,  since  Cajal  found  in  the  rabbit  that  extirpation  of  the  eye  is 
followed  by  very  slight  degeneration  of  the  stratum  zonale,  it  is  probable  that  it  is  com- 
posed of  other  than  retinal  fibres — possibly  fibres  from  the  occipital  cortex  and  fibres 
arising  within  the  nucleus  itself.    The  nucleus  is  separated  from  the  central  grey 
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substance  by  a  well-marked  band  of  fibres,  the  stratum  album  profundum.  This  con- 
tains fibres  from  two  sources: — (1)  fibres  from  the  lateral  and  medial  lemnisci,  which 
approach  the  nucleus  from  the  under  side,  some  to  terminate  within  it,  others  to  cross 
to  the  nucleus  of  the  opposite  side ;  (2)  fibres  which  arise  within  the  nucleus  and  course 
ventrally  around  the  central  grey  substance,  both  to  terminate  in  the  nucleus  of  the 
oculomotor  nerve  and  to  join  the  medial  longitudinal  fasciculus  and  pass  probably  to 
the  nuclei  of  the  trochlear  and  abducens.  The  optic  fibres  proper  approach  the 
nucleus  by  way  of  the  superior  brachium,  and  are  dispersed  directly  among  its  cells; 
only  a  small  proportion  of  them  cross  over  to  terminate  in  the  nucleus  of  the  opposite 
side.  They  consist  of  two  varieties: — (1)  retinal  fibres  which  arise  in  the  ganglion- 
cell  layer  of  the  retina  and  enter  the  superior  brachium  at  its  junction  with  the  lateral 
root  of  the  optic  tract,  and  (2)  fibres  from  the  visual  area  of  the  occipital  lobe  of  the 
cerebral  hemisphere.  Sometimes  the  optic  fibres  in  their  course  within  the  nucleus 
of  the  superior  colliculus  form  a  more  or  less  evident  stratum  near  the  stratum  album 
profundum.  This  is  known  as  the  stratum  opticum  (stratum  album  medium) .  The 
portion  of  the  nucleus  between  this  stratum  and  the  stratum  zonale  is  called  the 
stratum  cinereum. 

The  fibres  entering  the  nucleus  from  the  lateral  lemniscus  probably  all  represent 
auditory  connections.  The  stratum  album  profundum,  composed  of  the  lemniscus 
fibres  and  fibres  from  cells  of  the  nucleus  and  the  stratum  opticum  together,  form  the 
so-called  'optic-acoustic  reflex  path'  (fig.  611). 

From  the  various  studies  that  have  been  made  it  appears  that  the  superior  col- 
liculus of  the  corpora  quaclrigemina  is  merely  the  central  reflex  organ  concerned  in 
the  control  of  the  eye  muscles — eye  muscle  reflexes  which  result  from  retinal  and  coch- 
lear stimulation.  Fibres  from  its  nucleus  to  the  visual  area  of  the  occipital  cortex 
have  been  claimed  for  certain  mammals,  but  in  man  the  superior  colliculus  may  be 
entirely  destroyed  without  disturbance  of  the  perception  of  light  or  color. 

In  the  level  of  the  anterior  part  of  the  superior  colliculus  the  fibres  which  arise  from 
the  cells  of  its  nucleus  and  course  ventrally  in  the  stratum  album  profundum  collect 
into  a  strong  bundle.  This  bundle  passes  ventral  to  the  medial  longitudinal  fasciculus 
and,  in  the  space  between  the  two  red  nuclei,  it  forms  a  dense  decussation  with  the 
similar  bundle  from  the  opposite  side.  In  decussating  the  fibres  turn  in  spray-like 
curves  downwards  and  soon  join  the  medial  longitudinal  fasciculus.  This  is  the 
'fountain  decussation.'  (Forel.) 

There  is  abundant  evidence  that  fibres  arising  in  the  corpora  quaclrigemina  de- 
scend into  the  spinal  cord.  Various  studies  make  it  appear  that  at  least  part  of  these 
are  fibres  from  the  fountain  decussation,  and  that  these  course  through  the  medulla 
oblongata  in  the  ventral  part  of  the  medial  longitudinal  fasciculus,  and  thence  descend 
into  the  cord,  probably  no  further  than  the  cervical  region,  in  the  '  quadrigemino- 
thalamus  path'  (fig.  571).  The  termination  of  these  crossed  fibres  about  those  ventral 
horn  cells  of  the  cervical  cord  which  send  fibres  through  the  rami  communicantes 
probably  establishes  the  pathway  by  which  the  superior  quadrigeminate  bodies,  and 
indirectly  the  retina,  are  connected  with  the  cervical  sympathetic  ganglia,  and  by 
which  may  be  explained  the  disturbances  in  pupillary  contraction  induced  by  lesions 
of  the  lower  cervical  cord. 

The  medial  geniculate  body  and  the  medial  root  of  the  optic  tract,  which  runs  into 
the  former,  probably  have  nothing  to  do  with  the  functions  of  the  optic  apparatus. 
Both  remain  intact  after  extirpation  of  the  eyes.  The  medial  root  of  the  optic  tract 
is  apparently  nothing  more  than  the  beginning  of  Gudden's  commissure,  a  bundle 
passing  by  way  of  the  optic  tract,  connecting  the  medial  geniculate  body  of  one  side 
with  that  of  the  other  side. 

The  medial  longitudinal  fasciculus  (posterior  longitudinal  fasciculus)  is  con- 
tinuous with  the  ventral  fasciculus  proprius  and  the  sulco-marginal  fasciculus  of  the 
spinal  cord,  extends  throughout  the  rhombencephalon  and  mesencephalon,  and  is 
represented  in  the  hypothalamic  region  of  the  prosencephalon.  Deserted  by  the 
lemniscus  at  the  inferior  border  of  the  pons,  it  maintains  its  closely  medial  position 
and  courses  throughout  in  the  immediate  ventral  margin  of  the  central  grey  sub- 
stance of  the  central  canal  and  floor  of  the  fourth  ventricle,  and  likewise  in  the 
ventral  margin  of  the  central  grey  substance  of  the  mesencephalon.  The  two  fasci- 
culi constitute  the  principal  association  pathways  of  the  brain-stem,  and,  true  to 
their  nature  as  such,  they  are  among  the  first  of  its  pathways  to  acquire  medulla- 
tion.    In  the  mesencephalon  they  become  two  of  its  most  conspicuous  tracts,  and 
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their  course,  in  most  intimate  association  with  the  nuclei  of  origin  of  the  nerves 
supplying  the  eye  muscles,  suggests  what  is  probably  their  most  important  func- 
tion, viz.,  that  of  associating  these  nuclei  with  each  other  and  of  bearing  to  them 
fibres  from  the  nuclei  of  the  other  cranial  nerves  necessary  for  the  co-ordinate  action 
of  the  muscles  of  the  optic  apparatus  associated  with  the  functions  of  these  other 
nerves. 

Fibres  from  each  medial  longitudinal  fasciculus  terminate  either  by  collaterals  or 
terminal  arborisations  about  the  cells  of  the  motor  nuclei  of  all  the  cranial  nerves, 
and  each  nucleus  probably  contributes  fibres  to  it.  It  also  receives  fibres  from  the 
nuclei  of  termination  of  the  sensory  nerves.  Thus  it  contains  fibres  coursing  in  both 
directions,  and,  while  it  is  continually  losing  fibres  by  termination,  it  is  being  con- 
tinually recruited  and  so  maintains  a  practically  uniform  bulk.  Thus,  a  given  lesion 
never  results  in  its  total  degeneration.  Many  of  the  fibres  coursing  in  it  arise  from 
the  opposite  side  of  the  mid-line.  A  special  contribution  of  fibres  of  this  kind  is  re- 
ceived by  way  of  the  fountain  decussation  from  the  nucleus  of  the  superior  colliculus 
of  the  opposite  side.  As  noted  above,  it  is  in  part  continuous  into  the  spinal  cord. 
It  receives  some  fibres  by  way  of  the  posterior  commissure  of  the  prosencephalon 
from  a  small  nucleus  common  to  it  and  the  posterior  commissure  situated  in  the 
superior  extension  of  the  central  grey  substance  of  the  mesencephalon.  Van  Gehuch- 
ten  and  Edinger  describe  for  it  a  special  nucleus  situated  beyond  this  commissure 
in  the  hypothalamic  region.  This  nucleus  may  be  explained  as  receiving  impulses 
from  the  structures  of  the  prosencephalon  which  are  distributed  to  the  structures 
below  by  way  of  the  fasciculus  longitudinalis  medialis. 

As  frequently  realized  in  the  above,  the  structures  of  the  mesencephalon  are  both 
overlapped  by,  and  are  of  necessity  functionally  continuous  with,  the  structures  of 
the  next  and  most  anterior  division  of  the  encephalon,  the  prosencephalon. 


THE  PROSENCEPHALON 

The  prosencephalon  or  fore-brain  includes  those  portions  of  the  encephalon 
derived  from  the  walls  of  the  anterior  of  the  three  embryonic  brain-vesicles.  In  its 
adult  architecture  it  consists  of — (1)  the  diencephalon  (interbrain),  comprising 
the  thalamencephalon  or  the  thalami  and  the  structures  derived  from  and  immediately 
adjacent  to  them,  and,  in  addition,  the  mammillary  portion  of  the  hypothalamic 
region;  (2)  the  telencephalon  (end-brain),  comprising  the  optic  portion  of  the 
hypothalamic  region  and  the  cerebral  hemispheres  proper.  The  last  mentioned 
consist  of  the  entire  cerebral  cortex  or  superficial  mantle  of  grey  substance,  including 
the  rhinencephalon,  and  also  the  basal  ganglia  or  buried  nuclei  (corpus  striatum),  to- 
gether with  the  tracts  of  white  substance  connecting  and  associating  the  different 
regions  of  the  hemispheres  with  each  other  and  with  the  structures  of  the  other 
divisions  of  the  central  system. 


EXTERNAL  FEATURES  OF  THE  PROSENCEPHALON 

The  diencephalon. — The  basal  surface  of  this  division  of  the  brain  consists  of  only 
the  mammillary  portion  of  the  hypothalamic  region.  This  comprises — (1)  the  cor- 
pora mammillaria  (albicantia),  the  two  rounded  projections  situated  in  the  ante- 
rior part  of  the  interpeduncular  fossa,  and  (2)  the  posterior  perforated  substance  or 
the  small  triangle  of  grey  substance  forming  the  floor  of  the  posterior  part  of  the 
third  ventricle,  and  which  represents  numerous  openings  for  the  passage  of  branches 
of  the  posterior  cerebral  arteries  (fig.  616).  The  hypothalamic  portions  of  the  cere- 
bral peduncles  might  be  included.  The  structures  of  the  optic  or  remaining  portion 
of  the  hypothalamus  belong  to  the  telencephalon. 

The  dorsal  surface  of  the  diencephalon  is  completely  overlapped  and  hidden  by 
the  telencephalon,  and  covered  by  the  intervening  ingrowth  of  the  cerebral  meninges, 
the  tela  chorioidea  of  the  third  ventricle  (velum  interpositum) .  These  removed, 
it  is  seen  that  the  thalami  are  by  far  the  most  conspicuous  objects  of  the  diencephalon. 
They,  together  with  the  parts  developed  in  connection  with  them,  are  distinguished 
as  the  thalamencephalon.  The  thalamencephalon  consists  of — (1)  the  thalami; 
(2)  the  metathalamus  or  geniculate  bodies;  and  (3)  the  epithalamus ,  comprising  the 
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epiphysis  with  the  posterior  commissure  below  it  and  the  habenular  trigone  on  its 
either  side. 

The  thalami  are  two  ovoid,  couch- like  masses  of  grey  substance  which  form 
the  lateral  walls  of  the  third  ventricle.  The  cavity  of  the  ventricle  is  narrow,  and 
quite  frequently  the  thalami  are  continuous  through  it  across  the  mid-line  by  a 
small  but  variable  neck  of  grey  substance,  the  massa  intermedia  or  middle  commis- 
sure. The  upper  surfaces  of  the  thalami  are  free.  The  edges  of  the  tela  chorioidea 
of  the  third  ventricle  are  attached  to  the  lateral  part  of  the  surface  of  each  thalamus, 
and,  when  removed,  leave  the  taenia  chorioidea  lying  in  the  chorioidal  sulcus.  Each 
thalamus  is  separated  laterally  from  the  caudate  nucleus  of  the  telencephalon,  by 
a  linear  continuation  of  the  white  substance  below,  known  as  the  stria  terminalis 


Fig.  613. — Dorsal  Surface  of  Diencephalon  with  Adjacent  Structures. 

(After  Obersteiner.) 
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(taenia  semicircularis).  Like  the  quadrigemina,  each  thalamus  is  covered  by  a  thin 
capsule  of  white  substance,  the  stratum  zonale.  The  average  length  of  the  thala- 
mus is  about  38  mm., and  its  width  about  14  mm.;  its  inferior  extremity  is  directed 
obliquely  outwards.  The  dorsal  surface  usually  shows  four  eminences,  indicating 
the  position  of  the  so-called  nuclei  of  the  thalamus.  These  are  the  anterior  nucleus 
or  anterior  tubercle,  the  medial  nucleus  or  tubercle,  the  lateral  nucleus,  and  the  pul- 
vinar,  the  tubercle  of  the  posterior  extremity.  The  pulvinar  of  the  human  brain 
is  peculiar  in  the  fact  that  it  is  so  developed  as  to  project  inferiorly  and  slightly  over- 
hang the  level  of  the  quadrigeminate  bodies.  The  projecting  portion  assumes 
relations  with  the  optic  tract  and  the  metathalamus. 


School  of  medicins 


THE  THALAmW»VZKW  OF  LE^S- 

Both  the  structures  of  the  metathalamus,  the  lateral  and  medial  geniculate 
bodies,  are  connected  with  the  optic  tract.  As  this  tract  curves  around  the  cerebral 
peduncle  it  divides  into  two  main  roots.  The  lateral  geniculate  body  receives  a  large 
portion  of  the  fibres  of  the  lateral  root  of  the  optic  tract;  the  remainder  pass  under 
this  body  and  enter  the  pulvinar  of  the  thalamus.  The  medial  geniculate  body  is 
connected  with  the  medial  root  of  the  optic  tract,  which  root  consists  largely,  not 
of  retinal  fibres,  as  does  the  lateral  root,  but  of  the  fibres  forming  Gudden's  com- 
missure (the  inferior  cerebral  commissure). 

Of  the  epithalamus,  the  epiphysis  (pineal  body,  conarium)  is  the  most  con- 
spicuous external  feature.  This  is  an  unpaired,  cone-shaped  structure,  about  7 
mm.  long  and  4  mm.  broad,  which  also  projects  upon  the  mesencephalon  so  that 
its  body  rests  in  the  groove  between  the  superior  quadrigeminate  bodies.    Its  stem 


Fig.  614. — Dissection  of  Brain  showing  Metathalamus  and  Pulvinar  with  Adjacent 

Structures. 


IS 


is  attached  in  the  mid-line  at  the  posterior  extremity  of  the  third  ventricle,  and  there- 
fore just  above  the  posterior  commissure  of  the  cerebrum  (fig.  607).  It  is  covered 
by  pia  mater,  and  is  enclosed  in  a  continuation  of  the  tela  chorioidea  of  the  third  ven-  * 
tricle.  Though  it  developes  as  a  diverticulum  of  that  portion  of  the  anterior  primary 
vesicle  which  gives  origin  to  the  thalamencephalon,  it  is  wholly  a  non-nervous  struc- 
ture, other  than  the  sympathetic  fibres  which  enter  it  for  the  supply  of  its  blood- 
vessels. 

It  consists  of  a  dense  capsule  of  fibrous  tissue  (pia  mater)  from  which  numerous  septa  pass 
inwards,  dividing  the  interior  into  a  number  of  intercommunicating  compartments  filled  with 
epithelial  (ependymal)  cells  of  the  same  origin  as  the  ependyma  lining  the  ventricles  and  aqueduct 
below.  Among  these  cells  are  frequently  found  small  accretions  (brain-sand,  acervulus  cerebri), 
consisting  of  mixed  phosphates  of  lime,  magnesia,  and  ammonia  and  carbonates  of  lime.  The 
compartments  form  a  closed  system.  In  function  the  epiphysis  ranks  as  one  of  the  glands 
of  internal  secretion  of  the  body,  and  it  is  often  referred  to  as  the  'pineal  gland.' 

Apparently  arising  from  the  base  of  the  epiphysis,  but  having  practically  nothing 
to  do  with  it,  are  the  striae  medullares  of  the  thalamus  (striae  pineales,  pedunculi 
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conarii).  These  are  two  thin  bands  of  white  substance  which  extend  from  the 
epiphysis  anteriorly  upon  the  thalamus,  along  the  upper  border  of  each  lateral  wall 
of  the  third  ventricle,  and  thus  form  the  boundaries  between  the  dorsal  and  mesial 
surfaces  of  each  thalamus.  They  have  been  called  the  habenulce,  from  their  relation 
to  the  habenular  nucleus,  situated  in  the  mesial  grey  substance  below  their  lower 
ends.  They  are  continuous  across  the  mid-line  in  the  habenular  commissure,  just 
below  the  neck  of  the  epiphysis,  and  between  it  and  the  posterior  cerebral  commis- 
sure (figs.  582  and  613). 

The  ventro-lateral  surface  of  the  thalamencephalon  is  continuous  into  the  hypo- 
thalamic tegmental  region,  the  upward  continuation  of  the  tegmental  grey  sub- 
stance of  the  mesencephalon.  It  is  also  adjacent  to  a  portion  of  the  internal  cap- 
sule. Both  these  relationships,  as  well  as  the  fibre  connections  of  the  diencephalon 
with  the  structures  above  and  below  it,  are  deferred  until  the  discussion  of  the  inter- 
nal structure  of  the  prosencephalon. 

The  mesial  surface  of  the  diencephalon  allows  a  better  view  of  the  shape  and 
relations  of  the  third  ventricle.    Below  the  line  of  the  massa  intermedia  the  ven- 

Fig.  615. — Mesial  Section  of  Entire  Brain,  showing  Mesial  Surface  of  Diencephalon 
and  Telencephalon.    (After  Henle.) 
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tricle  is  usually  somewhat  wider  than  it  is  along  the  upper  margins  of  the  thalami. 
This  greater  width  is  occasioned  by  a  groove  in  the  ventromesial  surface  of  each 
thalamus,  known  as  the  hypothalamic  sulcus  (sulcus  of  Monro).  It  is  along  the 
line  of  this  sulcus  that  the  third  ventricle  is  continuous  with  the  aqua-ductus  cere- 
bri, and  thus  with  the  fourth  ventricle  below,  and,  likewise,  with  the  two  lateral 
ventricles  of  the  cerebral  hemispheres  at  its  anterior  end.  The  latter  junction 
occurs  through  a  small  oblique  aperture,  the  interventricular  foramen  (foramen 
of  Monro),  one  into  each  lateral  ventricle.  The  dorsal  or  upper  portion  of  the 
third  ventricle  extends  posteriorly  beneath  its  tela  chorioidea  (velum  mterpositum) 
to  form  a  small  posterior  recess  about  the  epiphysis.  This  is  known  as  the  supra- 
pineal recess.  The  anterior  and  ventral  extremity  of  the  third  ventricle  involves 
the  pars  optica  hypothalami ,  which  belongs  to  the  telencephalon. 

THE  TELENCEPHALON. — External  features.— The  optic  portion  of  the 
hypothalamus  consists  of  that  small  central  area  of  the  basal  surface  of  the  telen- 
cephalon which  includes  and  surrounds  the  optic  chiasma,  and  comprises  the 
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structures  of  the  floor  of  the  anterior  and  ventral  portion  of  the  third  ventricle. 
The  area  extends  anteriorly  from  the  corpora  mammillaria  in  the  interpeduncular 
fossa,  and  includes  the  tuber  cinereum  and  hypophysis  behind  the  optic  chiasma, 
and  some  of  the  anterior  perforated  substance  in  front  of  it. 

The  most  anterior  portion  of  the  third  ventricle  is  in  the  form  of  a  ventral  ex- 
tension. The  wall  of  this  portion  is  almost  wholly  non-nervous  and  quite  thin, 
and  thus  the  cavity  of  the  ventricle  is  but  thinly  separated  from  the  exterior  of  the 
brain.  The  front  portion  of  this  wall  is  the  lamina  terminalis  and  in  the  ventri- 
cular side  of  the  dorsal  part  of  this  lamina  the  anterior  commissure  of  the  brain 


Fig.  616. — Ventral  Aspect  of  Brain-stem  Including  Mammillary  and  Optic  Portions 

of  the  Hypothalamus. 
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is  apparent.  The  optic  chiasma  lies  across  and  presses  into  the  lower  portion  of 
the  lamina  terminalis,  and  in  so  doing  produces  an  anterior  recess  in  the  cavity  of 
the  ventricle  known  as  the  optic  recess.  The  posterior  and  most  evident  part  of 
this  portion  of  the  wall  of  the  third  ventricle  bulges  slightly,  giving  the  outward 
appearance  known  as  the  tuber  cinereum,  and  the  cavity  bounded  by  this  termin- 
ates in  the  infundibular  recess. 

The  tuber  cinereum  then  is  a  hollow,  conical  projection  of  the  floor  of  the  third 
ventricle,  between  the-  corpora  mammillaria  and  the  optic  chiasma.  Its  wall  is 
continuous  anteriorly  with  the  lamina  terminalis  and  laterally  with  the  anterior 
perforated  substance. 
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The  infundibulum  is  but  the  attenuated  apex  of  the  conical  tuber  cinereum, 
and  forms  the  neck  connecting  it  with  the  hypophysis.  It  is  so  drawn  out  that  it  is  re- 
ferred to  as  the  stalk  of  the  hypophysis.  The  cavity  of  the  tuber  cinereum  (in- 
fundibular recess)  is  sometimes  maintained  throughout  the  greater  part  of  the  length 
of  the  infundibulum,  giving  it  the  form  of  a  long-necked  funnel.  Near  the  hypo- 
physis the  cavity  is  always  occluded. 

The  hypophysis  cerebri  (pituitary  body  or  gland)  is  an  ovoid  mass  terminating 
the  infundibulum.  It  lies  in  the  sella  turcica  of  the  sphenoid  bone,  where  it  is  held 
down  and  roofed  in  by  the  diaphragma  settee,  a  circular  fold  of  the  dura  mater.  It 
consists  of  two  lobes,  a  large  anterior  lobe,  the  glandular  or  buccal  lobe,  and  a  smaller 
posterior  or  cerebral  lobe.  The  posterior  lobe  is  enclasped  in  a  concavity  of  the  an- 
terior lobe. 

Development. — The  posterior  or  cerebral  lobe  alone  is  originally  continuous  with  and  a  part 
of  the  infundibulum.  It  alone  represents  the  termination  of  the  hollow  diverticulum  which, 
in  the  embryo,  grows  downwards  from  that  part  of  the  anterior  cerebral  vesicle  which  later 
becomes  the  third  ventricle.  The  original  cavity  afterwards  becomes  obliterated  except  in  the 
upper  part  of  the  infundibulum.  It  is,  therefore,  of  cerebral  origin.  The  anterior  or  buccal 
lobe  arises  quite  differently.  It  is  developed  from  an  upward  tubular  diverticulum  (Rathke's 
pouch)  of  the  primitive  buccal  cavity.  In  the  higher  vertebrates,  including  man,  its  connection 
with  the  buccal  cavity  becomes  obliterated  as  the  cartilaginous  base  of  the  cranium  is  consolidated, 
but  in  the  myxinoid  fishes  the  connection  remains  patent  in  the  adult.  Cut  off  within  the 
cranial  cavity,  the  embryonic  buccal  lobe  assumes  its  intimate  association  with  the  cerebral 
lobe.  In  about  the  second  month  of  fetal  life  it  begins  to  develop  numerous  secondary  diverticula 
which  become  the  epithelial  compartments  evident  in  the  adult  human  subject. 


Fig.  617. — Diagrams  of  the  Hypophysis  Cerebri.    (After  Testut.) 
A,  posterior  surface;   B.  transverse  section;  C,  sagittal  section;   1,  anterior  lobe;  2,  posterior 
lobe;  3,  infundibulum;  4,  optic  chiasma;  5,  infundibular  recess ;  6,  optic  recess.    In  C  the 
infundibulum  is  relatively  much  shorter  than  in  the  actual  specimen. 


Structure. — The  posterior  or  cerebral  lobe  retains  no  organized  structure.  It  may  be  said 
to  consist  of  a  mass  of  neuroglia  and  other  fibrous  connective  tissue  with  the  cells  belonging  to 
these  and  a  moderate  supply  of  blood-vessels.  The  anterior  or  glandular  lobe  is  probably  the 
functional  part  of  the  organ.  In  addition  to  its  abundant  supporting  tissue,  it  consists  of  com- 
partments lined  with  two  kinds  of  cuboidal  cells — cells  of  different  size  and  different  staining 
properties.  The  principal  or  more  numerous  cells  are  smaller,  with  thickly  granular  cytoplasm. 
In  mixtures  containing  orange  G  and  fuchsin  these  cells  stain  orange,  while  the  chromophile 
cells,  the  larger  and  less  numerous  variety,  take  the  fuchsin  deeply.  The  compartments  have  an 
abundant  blood  supply. 

Like  the  epiphysis,  the  hypophysis  must  be  regarded  as  glandular — a  gland  with  internal 
secretion.  In  the  case  of  giants  and  in  acromegaly  it  is  usually  greatly  enlarged.  The  principal 
cells  increase  greatly  in- number  after  removal  of  the  thyreoid  body. 

The  optic  nerve  is  derived  from  this  portion  of  the  telencephalon,  though  the 
nuclei  of  termination  of  its  fibres  are  chiefly  in  the  thalamencephalon  and  mesen- 
cephalon. The  optic  apparatus  consists  of  the  retinae  and  optic  nerves,  the  optic 
chiasma,  the  optic  tracts,  the  superior  quadrigeminate  bodies  with  their  connections 
with  the  nuclei  of  the  eye-moving  nerves,  the  metathalamus,  the  pulvinar  of  the 
thalamus,  and  the  visual  area,  of  the  occipital  lobe  of  the  cerebral  cortex.  The 
fibres  of  the  optic  nerves  arise  from  the  cells  of  the  ganglion-cell  layer  of  the  retinae. 
The  fibres  which  arise  in  the  mesial  or  nasal  halves  of  each  retina  cross  the  mid- 
line to  find  their  nuclei  of  termination  in  the  central  grey  substance  of  the  opposite 
side,  while  those  from  the  outer  or  lateral  halves  terminate  on  the  same  side. 

The  optic  chiasma  (optic  commissure)  is  functionally  independent  of  the  struc- 
tures of  the  optic  portion  of  the  hypothalamus  adjacent  to  it.  It  is  formed  by  the 
approach  and  fusion  of  the  two  optic  nerves,  and  is  knit  together  by  the  decussating 
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fibres  from  the  nasal  halves  of  each  retina,  and,  in  addition,  by  the  fibres  of  Gudden's 
commissure  which  is  contained  in  it. 

Beyond  the  chiasma  the  optic  fibres  continue  as  the  optic  tracts  which  course 
posteriorly  around  the  cerebral  peduncles  to  attain  their  entrance  into  the  thalamen- 
cephalon  and  mesencephalon.  Upon  reaching  the  pulvinar  of  the  thalamus  each 
optic  tract  divides  into  two  roots,  a  lateral  and  mesial.  The  lateral  root  contains 
practically  all'  of  the  true  visual  fibres— fibres  arising  from  the  lateral  half  of  the  re- 
tina of  the  same  side  and  the  nasal  half  of  the  retina  of  the  opposite  side.  These 
fibres  are  distributed  to  three  localities:— (1)  perhaps  the  greater  portion  terminate  in 
the  lateral  geniculate  body;  (2)  a  portion  pass  over  and  around  the  lateral  geniculate 
body  and  enter  the  pulvinar ;  (3)  a  considerable  portion  enter  the  superior  quadrigemi- 
nal  brachium  and  course  in  it  to  terminate  in  the  nucleus  of  the  superior  quadrigemi- 
nate  body.    The  most  evident  function  of  this  latter  portion  is  to  bear  impulses 

Fig.  618. — Diagram  of  the  Principal  Components  of  the  Optic  Apparatus.  (After 

Cunningham.) 


which,  by  way  of  the  neurones  of  the  quadrigeminate  body,  are  distributed  to  the 
nuclei  of  the  oculomotor,  trochlear,  and  abducent  nerves,  and  thus  mediate  eye- 
moving  reflexes.  The  cells  of  the  lateral  geniculate  body  and  the  pulvinar,  about 
which  the  retinal  fibres  terminate,  give  off  axones  which  terminate  in  the  cortex  of 
the  visual  area,  chiefly  the  cuneus,  of  the  occipital  lobe.  In  reaching  this  area  they 
curve  upwards  and  backwards,  coursing  in  a  compact  band  of  white  substance  known 
as  the  optic  radiation  (radiatio  occipito-thalamica,  fig.  643).  Some  of  the  fibres 
of  the  optic  radiation  probably  arise  also  in  the  superior  quadrigeminate  body.  It 
also  is  in  large  part  composed  of  fibres  arising  from  the  cells  of  the  occipital  cortex, 
which  pass  from  the  cortex  to  the  pulvinar,  superior  quadrigeminate  bodies,  and 
possibly  some  to  the  medulla  oblongata  and  spinal  cord. 

The  mesial  root  of  the  optic  tract  contains  few,  if  any,  true  visual  fibres.  It  runs 
into  the  medial  geniculate  body,  and  neither  it  nor  this  body  are  appreciably  affected 
after  extirpation  of  both  eyes.    It  may  be  considered  as  wholly  representing 
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the  fibres  of  Gudden's  commissure  (inferior  cerebral  commissure).  This  com- 
missure consists  of  fibres  which  connect  the  medial  geniculate  bodies  of  the  two 
sides  with  each  other,  and  which,  instead  of  crossing  the  mid-line  through  the  mesen- 
cephalon, course  in  the  optic  tracts  and  cross  by  way  of  the  posterior  portion  of 
the  optic  chiasma.  It  consists  of  fibres  which  both  arise  and  terminate  in  each  of 
the  bodies,  and,  therefore,  of  fibres  coursing  in  both  directions. 


THE  CEREBRAL  HEMISPHERES 

The  cerebral  hemispheres  in  man  form  by  far  the  largest  part  of  the  central 
nervous  system.  Together,  when  viewed  from  above,  they  present  an  ovoid  surface, 
markedly  convex  upwards,  which  corresponds  to  the  inner  surface  of  the  vault  of  the 
cranium.  The  greatest  transverse  diameter  of  this  surface  lies  posteriorly  in  the 
vicinity  of  the  parietal  eminences  of  the  cranium.  The  outline  of  the  dorsal  aspect 
varies  according  to  the  form  of  the  cranium,  being  more  spheroidal  in  the  brachy- 
cephalic  and  more  ellipsoidal  in  the  dolichocephalic  forms.  The  hemispheres  are 
separated  from  each  other  dorsally  by  a  deep  median  slit,  the  longitudinal  fissure, 
into  which  fits  a  duplication  of  the  inner  layer  of  the  dura  mater  known  as  the  falx 
cerebri.  The  posterior  or  occipital  extremities  of  the  hemispheres  overlap  the  cere- 
bellum, and  thus  entirely  conceal  the  mesencephalon  and  thalamencephalon.  They 
are  separated  from  the  dorsal  surface  of  the  cerebellum  and  the  corpora  quadrigemina 
by  the  deep  transverse  fissure.  This  is  occupied  by  the  tentorium  cerebelli,  which  is 
similar  to  and  continuous  with  the  falx  cerebri  and  is  connected  with  the  tela  chori- 
oidea  of  the  third  ventricle  below. 

Each  of  the  hemispheres  is  usually  described  as  having  three  poles  or  projecting 
extremities,  and  three  surfaces  bounded  by  intervening  borders.  The  most  anterior 
projection  is  the  frontal  pole.  This  is  near. the  mid-line,  and  with  its  fellow  of  the 
other  hemisphere,  forms  the  frontal  end  of  the  ovoid  contour  of  the  cerebrum.  The 
occipital  pole  is  the  most  projecting  portion  of  the  posterior  and  inferior  end,  and  is 
more  rounded  and  thus  not  so  near  the  mid-line  as  the  frontal  pole.  The  ventro- 
lateral portion  of  the  hemisphere  is  separated  anteriorly  by  the  deep  lateral  fissure 
(fissure  of  Sylvius)  into  a  distinct  division,  the  temporal  lobe,  and  the  anterior  portion 
of  this  lobe  projects  prominently  forwards  and  is  known  as  the  temporal  pole. 

The  surfaces  of  the  hemisphere  are — (1)  the  dorso-lateral  or  convex  surface;  (2) 
the  medial  surface;  and  (3)  the  basal  surface.  The  convex  surface  comprises  the 
entire  rounded  aspect  of  the  hemisphere  visible  previous  to  manipulation  or  dissec- 
tion, and  is  the  surface  subjacent  to  the  vault  of  the  cranium.  The  mesial  surface  is 
perpendicular,  flat,  and  parallel  with  that  of  the  other  hemisphere,  the  two  bounding 
the  longitudinal  fissure  and  for  the  most  part  in  contact  with  the  falx  cerebri. 
The  superomesial  border  intervenes  between  the  convex  and  medial  surfaces,  and 
is  thus  convex  and  extends  from  the  frontal  to  the  occipital  pole. 

The  more  complex  basal  surface  fits  into  the  anterior  and  middle  cranial  fossae, 
and  posteriorly  rests  upon  the  tentorium  cerebelli.  Thus  it  is  subdivided  into — (a) 
an  orbital  area,  which  is  slightly  concave,  since  it  is  adapted  to  the  orbital  plate  of  the 
frontal  bone,  and  is  separated  from  the  convex  surface  by  the  necessarily  arched 
superciliary  border  and  from  the  mesial  surface  by  the  internal  orbital  border,  the 
latter  being  straight  and  extending  from  the  frontal  pole  mesial  to  the  olfactory  bulb 
and  tract;  (b)  a  tentorial  area  or  surface,  which  is  arched  in  conformity  with  the  dorsal 
surface  of  the  cerebellum.  This  is  separated  from  the  convex  surface  by  the  infero- 
lateral  border,  which  runs  from  the  occipital  to  the  temporal  pole;  and  from  the 
mesial  surface  by  the  internal  occipital  border,  which  is  a  more  or  less  rounded 
ridge  extending  from  the  occipital  pole  obliquely  upwards  in  the  angle  formed  by  the 
junction  of  the  perpendicular  falx  cerebri  and  the  horizontal  tentorium  cerebelli. 
This  border  is  best  seen  in  brains  which  have  been  hardened  with  the  membranes 
in  situ.  The  remainder  of  the  basal  surface  includes  the  optic  portion  of  the  hypo- 
thalamus already  considered,  and  the  small  depressed  and  punctate  area,  the  anterior 
perforated  substance,  which  is  penetrated  by  the  antero-lateral  group  of  the  central 
branches  of  the  anterior  and  middle  cerebral  arteries  and  into  which  the  striae  of  the 
olfactory  trigone  disappear.  In  addition  to  the  orbital  area  the  basal  surface  of  the 
hemisphere  shows  signs  of  the  impress  of  the  petrous  portion  of  the  temporal  bone  and 
of  the  great  wing  of  the  sphenoid. 
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The  corpus  callosum. — In  their  early  development  as  lateral  dilations  of  the 
anterior  primary  brain-vesicles,  the  hemispheres  are  connected  with  each  other 
only  at  the  anterior  end  of  the  thalamencephalon,  where  they  are  both  continuous 
with  the  lamina  terminalis.  As  development  proceeds  and  the  hemispheres  extend 
upwards,  backwards,  forwards,  and  laterally  to  completely  conceal  the  base,  and  as  the 
pallium  thickens  and  its  folds  begin  to  appear,  the  two  hemispheres  become  united 
across  the  mid-line  above  the  thalamencephalon  and  the  third  ventricle  by  the  format  ion 
of  the  great  cerebral  commissure,  the  corpus  callosum.  After  removal  of  the  falx 
cerebri  from  the  longitudinal  fissure,  the  dorsal  surface  of  the  corpus  callosum  may  be 
exposed  by  drawing  apart  the  contiguous  mesial  surfaces  of  the  hemispheres.  It  con- 
sists of  a  dense  mass  of  pure  white  substance  coursing  transversely,  and  arises  as  out- 
growths from  the  cortical  cells  of  both  hemispheres.  Thus  it  is  the  great  pathway  which 
associates  the  cortex  of  the  two  sides  of  the  telencephalon.  Only  the  smaller  medial 
portion  of  the  body  lies  free  in  the  floor  of  the  longitudinal  fissure,  by  far  the  greater 
part  being  concealed  in  the  substance  of  the  hemispheres,  where  its  fibres  radiate  to  and 
from  different  localities  of  the  pallium,  forming  the  radiation  of  the  corpus  callosum. 
Its  surface  shows  numerous  transverse  markings,  the  transverse  stria;,  which  indicate  the 


Fig.  619. — Mesial  and  Tentorial  Surfaces  op  Right  Cerebral  Hemisphere,  Viewed  from 
the  Left.    (After  Toldt,  "Atlas  of  Human  Anatomy,"  Rebman,  London  and  New  York.) 
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course  of  its  component  bundles  of  fibres.  In  addition  there  may  be  seen  two  delicate, 
variable  longitudinal  bands  running  over  its  surface  on  each  side  of  the  mid-line.  The 
medial  longitudinal  stria  runs  close  to  the  median  plane,  around  the  anterior  end 
into  the  gyrus  subcallosus  (fig.  620) ,  and  over  the  posterior  end  downwards  and  lateral- 
wards  to  connect  with  the  hippocampal  gyrus  of  the  base  of  the  telencephalon.  The 
lateral  longitudinal  stria  is  more  delicate  than  the  mesial  stria,  and  courses  lateral- 
wards,  and  can  only  be  seen  within  the  sulcus  of  the  corpus  callosum  (fig.  620). 

When  severed  along  the  median  plane,  it  may  be  seen  that  the  anterior  margin  of 
the  corpus  callosum  is  turned  abruptly  downwards,  forming  the  genu,  and  that  this 
turn  continues,  so  that  the  tapering  edge  of  the  body  points  posteriorly  and  constitutes 
the  rostrum  (figs.  615  and  619) .  The  rostrum  is  in  contact  with  the  lamina  terminalis 
of  the  third  ventricle  below  by  a  short,  thin,  dorso-frontal  continuation  of  this  lamina, 
known  as  the  rostral  lamina.  The  rostral  lamina  may  be  considered  as  beginning 
at  the  anterior  cerebral  commissure  with  the  anterior  aspect  of  which  it  is  in  contact, 
and  extending  to  the  rostrum.  Beginning  with  the  rostrum  and  genu,  the  corpus 
callosum  arches  backwards  as  the  body  of  the  corpus  callosum,  and  ends  over  the 
corpora  quadrigemina  in  its  rounded,  thickened  posterior  margin,  the  splenium.  It 
is  bounded  above  by  the  sulcus  of  the  corpus  callosum,  and,  attached  to  its  concave 
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inferior  surface,  are  the  tela  chorioidea  of  the  third  ventricle,  the  fornix,  the  septum 
pellucidum,  and  the  medial  walls  of  the  lateral  ventricles. 

Each  cerebral  hemisphere  includes — (1)  a  superficial  and  much  folded  mantle 
or  pallium,  divided  into  lobes  and  gyri,  and  consisting  of  grey  substance,  the  cortex, 
covering  an  abundant  mass  of  white  substance ;  (2)  a  modified  portion,  the  rhinen- 
cephalon,  having  especially  to  do  with  the  impulses  brought  in  by  the  olfactory  nerve; 
(3)  a  cavity,  the  lateral  ventricle;  and  (4)  a  buried  mass  of  grey  substance  or  basal 
ganglia  which  together  with  the  internal  capsule  of  white  substance,  is  known  as  the 
corpus  striatum. 

Gyri,  fissures,  and  sulci. — The  cerebral  pallium  is  thrown  into  numerous  and 
variable  folds  or  gyri  (convolutions).  These  are  separated  from  each  other  by  corre- 
sponding furrows,  the  deeper  and  most  constant  of  which  are  called  fissures;  the  re- 
mainder, sulci.  All  the  fissures  and  the  main  sulci  are  named.  There  are,  however, 
numerous  small  and  shallow  sulci  to  which  names  are  seldom  given.  These  occur 
as  short  branches  of  main  sulci  or  as  short,  isolated  furrows  bounding  small  gyri 
which  connect  adjacent  gyri.    These  small  gyri  are  likewise  seldom  given  individual 


names.  They  are  very  variable  both  in  different  specimens  and  in  the  two  hemi- 
spheres of  the  same  specimen.  Collectively,  they  are  the  so-called  gyri  transitivi. 
Certain  groups  of  them  are  named  according  to  their  locality,  such  as  orbital  gyri  and 
lateral  occipital  gyri.  Even  the  main  gyri  (and  sulci)  are  very  irregular  in  detail. 
Some  of  the  main  and  deeper  fissures  are  considerably  deeper  than  others.  Some  are 
infoldings  of  the  grey  cortex,  so  deep  that  a  portion  of  their  course  may  be  indicated 
as  slight  bulgings  in  the  walls  of  the  lateral  ventricles,  e.g.,  the  hippocampal  and 
collateral  fissures.  While  the  general  surface  pattern  is  similar  for  all  normal  human 
brains,  yet  when  a  detailed  comparison  is  made,  the  given  gyri  of  different  specimens 
are  found  to  vary  greatly.  Neither  are  the  main  gyri  of  the  two  hemispheres  of  the 
same  brain  ever  entirely  alike. 

Origin  of  the  Gyri. — The  gyri  (and  sulci)  are  the  result  of  processes  of  unequal  growth — 
folds  necessarily  resulting  from  the  surface  portion  of  the  hemispheres  increasing  much  more 
rapidly  than  the  central  core.  In  the  early  periods  of  fetal  life  the  surfaces  of  the  hemispheres 
are  quite  smooth.  In  many  of  the  smaller  mammals  this  condition  is  retained  throughout  life, 
but  in  the  larger  mammals,  including  man,  as  development  proceeds  the  cerebral  cortex  becomes 
thrown  into  folds.    The  absolute  amount  of  the  grey  substance  of  the  hemispheres  varies  with 
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the  bulk  of  the  animal,  and  apparently  with  its  mental  capabilities.  This  is  especially  true  of 
the  cortex,  for  in  the  larger  brains,  and  that  of  man  especially,  by  far  the  greater  amount  of  the 
cerebral  grey  substance  lies  on  the  surface.  Therefore,  in  either  the  growth  or  evolution  of  a 
small  animal  into  a  large  one  the  amount  of  cerebral  grey  substance  is  increased,  and  in  this 
increase  the  surface  area  of  the  brain  is  necessarily  enlarged.  It  is  a  geometrical  law  that  in  the 
growth  of  a  body  the  surface  increases  with  the  square,  while  the  volume  increases  with  the 
cube  of  the  diameter.  The  cerebral  hemisphere  is  a  mass  the  increase  of  whose  volume  does  not 
keep  the  required  pace  with  the  increase  of  its  surface  area  or  cortical  layer.  The  white  sub- 
stance which  forms  the  pallium  arises  in  large  measure  as  outgrowths  from  the  cells  of  the 
cortical  layer,  and  thus  it  can  only  increase  in  a  certain  proportion  to  the  grey  substance. 
Therefore,  the  surface  mantle  of  grey  substance  of  a  hemisphere,  enlarged  in  accordance  with  an 
increased  bulk  of  body,  is  greater  than  is  necessary  to  cover  the  surface  of  the  geometrical  figure 
formed  by  the  combined  white  and  grey  substance.  Consequently,  in  order  to  possess  the 
preponderant  amount  of  grey  substance,  the  surface  of  the  hemisphere  is  of  necessity  thrown 
into  folds.  It  follows  also  that  the  thinner  the  cortical  layer  in  proportion  to  the  volume  of  the 
hemisphere,  the  greater  and  more  folded  will  be  the  surface  area.  In  accordance  with  this  theory 
small  animals  have  smooth  or  relatively  smooth  hemispheres,  and  that  independently  of  their 
position  in  the  animal  scale  or  the  amount  of  their  intelligence,  while  large  animals  have  con- 
voluted brains. 

The  sulci  in  general  begin  to  appear  with  the  fifth  month  of  fetal  life,  the  larger  of  them, 
the  fissures,  appearing  first  and  in  a  more  or  less  regular  order.  Up  to  the  fifth  month  the  enceph- 
alon,  due  to  its  rapid  growth,  closely  occupies  the  cranial  capsule.  During  the  fifth  month  the 
cranium  begins  to  grow  more  rapidly  than  the  encephalon,  and  a  space  is  formed  between  the 
cerebrum  and  the  inner  surface  of  the  cranium.  This  space  allows  further  expansion  of  the 
pallium,  and  at  the  time  it  is  relatively  greatest  (during  the  sixth  month)  the  form  and  direction 
of  the  principal  gyri  and  sulci  begin  to  be  indicated.  As  growth  proceeds  the  unrestricted 
expansion  of  the  pallium  results  in  the  gyri  again  approaching  the  wall  of  the  cranium,  and  during 
the  eighth  month  of  fetal  life  they  again  come  in  contact  with  it.  Finally,  the  later  relative 
growth  of  the  cranium  results  in  the  space  found  between  it  and  the  cortex  in  the  adult.  It 
is  obvious  that  the  relation  of  the  cranium  may  be  a  factor  in  the  causation  of  the  gyri,  for  the 
increase  of  surface  area  necessitated  by  the  increased  amount  of  cortical  grey  substance  might 
be  limited  by  a  cranial  cavity  of  small  size  and  then  the  increase  of  surface  could  only  be  obtained 
by  folding.  It  is  probable  that  the  second  contact  of  the  cortex  with  the  cranium  (during  the 
eighth  month)  may  at  least  cause  a  deepening  and  accentuation  of  the  gyri  already  begun.  Evi- 
dently the  form  of  the  cranium  modifies  the  gyri,  and  to  a  certain  extent  probably  determines 
their  direction,  for  in  long,  dolichocephalic  crania  the  antero-posterior  gyri  are  most  accentuated, 
and  in  the  wide,  brachycephalic  crania  the  transverse  gyri  are  most  marked.  At  birth  all  the 
main  fissures  and  sulci  are  present,  but  some  of  the  smaller  sulci  appear  later.  In  the  growing 
pallium  both  the  bottoms  of  the  sulci  as  well  as  the  summits  of  the  gyri  move  away  from  the  geo- 
metrical center  of  the  hemisphere,  the  summits  more  rapidly,  and  hence  the  sulci  or  fissures 
first  formed  grow  gradually  deeper  as  long  as  growth  continues. 

The  mechanical  factors  in  the  growth  processes  which  result  in  the  more  or  less  regular 
arrangement  of  the  gyri  of  the  hemispheres  of  a  given  group  of  animals  have  not  been  satisfactorily 
determined.  It  has  been  suggested  that  the  differences  in  arrangement  of  the  gyri  in  different 
groups  of  animals  may  be  in  part  dependent  upon  the  functional  importance  of  the  various 
regions — the  amount  of  grey  substance  varying  with  the  functional  importance,  and  the  con- 
sequent local  increases  being  accompanied  by  resultant  local  foldings.  This  idea  is  supported 
by  the  fact  that  while  the  somsesthetic  (sensory-motor)  area  of  the  cortex  varies  with  the  bulk 
of  the  body,  the  frontal  gyri,  so  much  developed  in  man  and  which  are  one  of  the  chief  regions 
of  the  associational  phenomena,  are  relatively  independent  of  and  do  not  vary  with  the  weight 
of  either  the  body  or  the  brain. 

Surface  Area. — The  total  surface  area  of  the  adult  human  telencephalon  is  about  2300  sq. 
cm.  Of  this  area  almost  exactly  one-third  is  contained  on  the  outer  or  exposed  surfaces  of  the 
gyri,  while  the  other  two-thirds  is  found  in  the  walls  of  the  sulci  and  fissures. 


Lobes  of  the  Telencephalon  and  the  Fissures  and  Sulci 

The  folded  pallium  of  each  hemisphere  is  arbitrarily  divided  into  lobes,  partly 
by  the  use  of  certain  of  the  main  fissures  and  sulci  as  boundaries  and  partly  by  the 
use  of  imaginary  lines.  These  divisions  are  six  in  number,  themselves  subdivided 
into  their  component  gyri : — 

(1)  Temporal  lobe. 

(2)  Central  lobe  or  Insula  (Island  of  Reil) . 

(3)  Frontal  lobe. 

(4)  Parietal  lobe. 

(5)  Occipital  lobe. 

(6)  Olfactory  brain  or  rhinencephalon  (including  the  structures  often  grouped 
under  the  two  names  olfactory  lobe  and  limbic  lobe). 

This  division  of  the  cortex  of  the  hemisphere  is  largely  a  merely  topographical 
one.    With  the  exception  of  the  temporal  lobe  and  the  rhinencephalon,  it  has  little 
of  either  morphological  or  functional  value.    The  occipital  lobe  contains  the  rec- 
ognised visual  area  of  the  cortex,  but  this  such,  does  not  involve  all  of  the 
53 
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lobe.  In  their  functional  significance,  the  frontal  and  parietal  lobes,  especially, 
overlap  each  other. 

The  temporal  lobe. — This  is  the  first  lobe  whose  demarcation  is  indicated. 
During  the  second  month  of  intra-uterine  life  there  appears  a  slight  depression  on  the 
lateral  aspect  of  the  then  smooth  hemisphere.  As  the  pallium  further  grows,  this 
depression  deepens  into  a  well-marked  fossa  with  a  relatively  broad  floor.  This 
fossa  marks  the  beginning  of  the  lateral  cerebral  fissure  or  fissure  of  Sylvius,  and  is, 
therefore,  known  as  the  Sylvian  fossa.  As  the  pallium  continues  to  project  out- 
wards, the  folds  which  form  the  margins  of  the  Sylvian  fossa  increase  in  size  and 
height  and  begin  to  overlap  and  conceal  its  broad  floor.  The  overlapping  folds  thus 
become  the  opercula,  and  as  their  lips  approach  each  other,  there  results  the  deep 
fissure  of  Sylvius,  which  marks  off  anteriorly  a  ventro-lateral  limb  of  the  pallium, 
termed  by  position  the  temporal  lobe.  As  growth  proceeds  further,  the  temporal  lobe 
thickens,  the  temporal  pole  extends  further  forwards  and  becomes  a  free  projection, 
thus  lengthening  the  fissure  of  Sylvius  and  resulting  in  the  inferior  extension  or  stem 
of  this  fissure,  which  runs  between  the  temporal  pole  and  the  frontal  lobe  and  curves 
under  so  as  to  appear  on  the  basal  surface  of  the  hemisphere.  Finally  the  cortex  of 
the  lobe  itself  is  thrown  into  folds  or  gyri.    Its  posterior  end  is  never  marked  off  from 


Fig.  621.- — Diagram  of  the  Convex  Surface  of  the  Left  Cerebral  Hemisphere  showing 

the  Five  Principal  Lobes  of  the  Pallium. 
The  opercular  regions  of  the  frontal,  parietal,  and  temporal  lobes  are  removed  to  show  the  cen- 
tral lobe  or  island  of  Reil. 
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the  lobes  above  and  behind,  except  by  arbitrary  lines  which  will  be  mentioned  in 
connection  with  those  lobes. 

The  temporal  lobe  forms  part  of  the  lateral  convex  and  tentorial  surfaces  of  the 
hemisphere,  and  its  anterior  portion  is  adapted  to  the  surface  of  the  middle  cranial 
fossa.  It  thus  has  a  superior  and  lateral  surface  and  a  basal  and  tentorial  surface. 
In  these  surfaces  are  the  following  gyri  with  their  intervening  and  bounding  sulci: — 

The  superior  temporal  gyrus  is  bounded  by  the  posterior  ramus  of  the  lateral 
fissure,  and  extends  from  the  temporal  pole  backwards  into  the  supra-marginal  region 
of  the  parietal  lobe  above.  The  upper  margin  of  this  gyrus  constitutes  the  tem- 
poral operculum,  in  that  it  aids  in  overlapping  and  enclosing  the  insula  in  the  floor 
of  the  lateral  fissure.  This  margin  is  for  the  most  part  smooth,  being  occasionally 
interrupted  by  a  few  weak  twigs  of  the  lateral  fissure.  It  is  separated  from  the  gyrus 
below  by  the  superior  temporal  sulcus,  which  is  parallel  with  the  posterior  ramus 
of  the  lateral  fissure  and  is  frequently  called  the  parallel  sulcus.  The  posterior  ex- 
tremity of  this  sulcus  divides  the  angular  gyrus  of  the  parietal  lobe,  and  its  anterior 
end  disappears  in  the  temporal  pole,  sometimes  as  a  continuous  groove,  sometimes 
in  isolated  pieces. 

The  middle  temporal  gyrus  likewise  begins  in  the  temporal  pole  and  is  con- 
tinuous backwards  into  the  angular  gyrus  of  the  parietal  lobe. 
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The  inferior  temporal  gyrus  forms  the  infero-lateral  border  of  the  temporal  lobe, 
and  is  usually  more  broken  up  than  the  two  gyri  above  it.  It  begins  continuous  with 
them  in  the  frontal  pole,  and  extends  horizontally  backwards  into  the  lateral  gyri  of 
the  occipital  lobe.  It  is  separated  from  the  middle  gyrus  by  the  middle  temporal 
sulcus,  which  likewise  is  never  so  continuous  a  furrow  as  the  superior  temporal  sulcus. 
Frequently  it  occurs  in  detached  portions  and  often  terminates  within  the  temporal 
lobe. 

The  fusiform  gyrus  is  in  the  basal  and  tentorial  surface  of  the  lobe  (fig.  624). 
Its  usual  somewhat  spindle  shape  suggests  it's  name,  and  it  is  continuous  backwards 
into  the  occipital  gyri,  or  its  posterior  end  may  be  completely  isolated  by  a  union  of 
the  inferior  temporal  sulcus  and  the  collateral  fissure,  which  two  furrows  separate 
it  from  its  neighbours  on  either  side.  Anteriorly  the  fusiform  gyrus  runs  into  the  com- 
mon substance  of  the  other  three  gyri  at  the  temporal  pole. 

The  lingual  gyrus  is  usually  included  in  the  tentorial  surface  of  the  temporal  lobe, 
though  in  some  texts  it  is  regarded  as  a  part  of  the  occipital  lobe.  Its  larger,  posterior 
portion  is  continuous  with  and  lies  within  the  boundaries  of  the  occipital  lobe. 


Fig.  622. — Outline  Drawing  of  Convex  Surface  of  Left  Cerebral  Hemisphere. 
(After  Toldt,  "Atlas  of  Human  Anatomy,"  Rebman,  London  and  New  York.) 


Bounded  laterally  by  the  collateral  fissure,  it  is  continuous  anteriorly  into  the  hip- 
pocampal  gyrus  of  the  rhinencephalon. 

All  of  the  sulci  give  off  occasional  lateral  twigs  (transverse  temporal  sulci)  which 
themselves  may  or  may  not  branch,  and  which  tend  to  divide  the  main  gyri  into  trans- 
verse temporal  gyri. 

The  lateral  fissure  (fissure  of  Sylvius) . — As  promised  in  its  origin  by  the  over- 
lapping and  enclosing  of  the  broad  floor  of  the  Sylvian  fossa  by  the  adjacent  folds  of 
the  pallium,  the  lateral  fissure  is  the  deepest  and  most  conspicuous  fissure  of  the  cere- 
bral hemisphere.  Its  main  divisions  are  a  short  stem  and  three  branches.  The 
stem  lies  in  the  basal  surface  of  the  hemisphere,  where  it  begins  in  a  depression  in  the 
anterior  perforated  substance,  the  vallecula  Sylvii,  and  passes  forwards  and  upwards 
between  and  separating  the  temporal  pole  and  the  superciliary  border  of  the  frontal 
lobe.  It  corresponds  in  direction  with  the  posterior  border  of  the  lesser  wing  of  the 
sphenoid  bone,  which  projects  backwards  into  it,  and  it  contains  the  middle  cerebral 
artery,  the  Sylvian  vein,  and  the  sinus  alse  parvse.  It  appears  on  the  upper  surface 
at  a  point  known  in  cranial  topography  as  the  Sylvian  point,  where  it  divides  into  its 
three  branches : — 

(1)  The  posterior  ramus  is  the  linear  continuation  of  the  fissure,  and  runs  horizon- 
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tally  backwards  and  upwards  to  terminate  in  the  supra-marginal  gyrus  of  the  parietal 
lobe. 

(2)  The  anterior  ascending  ramus  passes  upwards  for  about  10  mm.,  sub- 
dividing the  inferior  gyrus  of  the  frontal  lobe. 

(3)  The  anterior  horizontal  ramus  passes  forwards  from  the  stem  of  the  fissure 
about  10  mm.,  and  likewise  into  the  inferior  frontal  gyrus,  but  parallel  with  the 
superciliary  border. 

These  branches,  together  with  certain  smaller  collateral  twigs,  divide  the  over- 
lapping or  opercular  portions  of  the  adjacent  pallium  into  (a)  the  temporal  operculum, 
which  lies  below  the  posterior  ramus;  (b)  the  fronto-parietal  operculum,  or  operculum 
proper,  which  lies  above  and  behind  the  anterior  ascending  ramus;  (c)  the  frontal 
operculum,  between  the  latter  and  the  anterior  horizontal  ramus;  (d)  and  the  orbital 
operculum,  below  the  anterior  horizontal  ramus.  Collectively  the  opercula  are  known 
as  the  opercula  of  the  insula. 

The  central  lobe  or  insula. — The  insula  or  island  of  Reil  is  a  triangular  area  of  the 


Fig.  623. — The  Insula  with  its  Gyri  and  Sulci. 


SUPERIOR  TEMPORAL  GYRUS 


cerebral  cortex  lying  in  the  floor  of  the  lateral  fissure,  and  concealed  by  the  opercula. 
Of  these,  the  temporal  operculum  overlaps  the  lobe  to  a  greater  extent  than  either  the 
frontal  or  parietal.  More  than  half  of  it  may,  therefore,  be  exposed  by  gently  press- 
ing away  the  temporal  lobe.  The  central  lobe  or  island  corresponds  to  the  broad 
floor  of  the  Sylvian  fossa  of  the  embryonic  brain.  In  the  developed  condition  its 
surface  is  convex  iateralwards  and  is  itself  folded  into  gyri.  The  apex  of  the  triangle 
appears  upon  the  basal  surface  of  the  hemisphere,  and  is  the  only  portion  which  may 
be  seen  without  disturbing  the  specimen.  It  appears  as  the  end  of  a  small  gyrus 
under  the  temporal  pole,  and  in  close  relation  with  the  anterior  perforated  substance 
and  the  vallecula  Sylvii,  and  is  known  as  the  limen  of  the  insula.  In  the  folding 
process  by  which  the  opercula  accomplish  the  overlapping  and  enclosing  of  the 
island,  there  results  a  deep  sulcus  which  surrounds  its  entire  area  except  at  the 
limen  insulse.  This  is  known  as  the  circular  sulcus,  or  limiting  sulcus  of  Reil.  The 
gyri  (and  sulci)  of  the  island  radiate  from  the  apex  of  the  triangle.  The  central 
sulcus  of  the  island  is  the  deepest.    It  runs  from  below  backwards  and  upwards, 
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parallel  with  the  central  sulcus  of  Rolando  above,  and  divides  the  island  into  a 
larger  anterior  and  a  smaller  posterior  portion.  The  anterior  portion  consists  of 
from  three  to  five  short  irregular  gyri  breves  or  precentral  gyri,  separated  by 
sulci  breves;  the  posterior  portion  consists  of  a  single,  slightly  furrowed  gyrus, 
which  is  long  and  arched  and  extends  from  the  apex  to  the  base  of  the  triangle, 
the  gyrus  longus. 

The  frontal  lobe. — This  is  the  most  anterior  of  the  lobes  of  the  hemisphere, 
and  like  the  two  lobes  behind,  it  has  a  convex  or  outer,  a  basal,  and  a  mesial 
surface.  The  convex  surface  begins  with  the  frontal  pole,  and  is  bounded  posteriorly 
by  the  central  sulcus  (Rolandi);  the  basal  surface  extends  backwards  to  the  stem  of 
the  lateral  fissure,  covered  by  the  frontal  pole;  and  the  mesial  surface  is  separated 
from  the  gyrus  cinguli  of  the  rhinencephalon  (limbic  lobe)  by  the  sub-frontal  part  of 
the  sulcus  cinguli  (calloso-marginal  fissure),  and  from  the  parietal  lobe  by  a  line 
drawn  perpendicularly  from  the  upper  extremity  of  the  central  sulcus  (Rolandi)  to 
the  sulcus  cinguli.    These  surfaces  include  the  following  gyri  and  sulci: — 


Gyri. 

Anterior  central  gyrus. 

Superior  frontal  gyrus. 

,     i  i  f  Superior  portion. 

Middle  frontal  gyrus  <  T  F  ■      1  .• 

6J       ^  Interior  portion. 

("  Opercular  portion. 

Inferior  frontal  gyrus  ■!  Triangular  portion. 

«  (  Orbital  portion. 


Orbital  gyri 


External. 
Anterior. 
Posterior. 
[  luternal. 

Gyrus  rectus. 
Superior  frontal  gyrus. 
Marginal  gyrus. 

Paracentral  lobule  (anterior  part). 


Precentral  sulcus 


Sulci. 

I  Superior. 
\  Inferior. 
Superior  frontal  sulcus. 
Middle  frontal  sulcus 
Inferior  frontal  sulcus. 
Anterior  ascending  ramus  of  lateral 
fissure. 

Anterior   horizontal  ramus  of  lateral 
fissure. 

|  External. 
Orbital  sulci  -J  Internal. 

(.  Transverse. 

Olfactory  sulcus. 


Eostral  sulci. 


Many  of  the  sulci,  especially  the  superior  frontal  and  the  rostral  sulci,  often  give 
off  twigs  or  are  broken  up  into  short  furrows  which  give  rise  to  small  folds  (gyri 
transitivi),  too  inconstant  to  be  given  special  names. 

The  anterior  central  gyrus  (ascending  frontal  convolution)  is  the  only  gyrus 
of  the  frontal  lobe  having  a  vertical  direction.  It  lies  parallel  to  the  central  sulcus 
(Rolandi) ,  and  thus  extends  obliquely  across  the  convex  surface  from  the  posterior 
ramus  of  the  lateral  fissure  (frontal  operculum)  to  the  supero-mesial  border,  and  is 
continuous  on  the  mesial  surface  into  the  anterior  portion  of  the  para-central  lobule. 
It  comprises  a  large  part  of  the  anterior  portion  of  the  somsesthetic  (sensory-motor) 
area  of  the  cerebral  cortex.  It  is  separated  from  the  horizontal  gyri  in  front  by  the 
precentral  sulcus.  This  sulcus  is  developed  in  three  parts,  but  the  upper  and 
middle  parts  in  the  fcetal  brain  usually  fuse  together,  so  that  in  the  later  condition 
it  consists  of  a  superior  and  an  inferior  section.  The  superior  cuts  the  supero-mesial 
border  of  the  hemisphere  and  appears  on  the  mesial  surface  in  the  paracentral  lobule. 
On  the  convex  surface  it  is  usually  connected  with  the  posterior  end  of  the  superior 
frontal  sulcus. 

The  superior  frontal  gyrus  is  a  relatively  broad,  uneven  convolution,  comprising 
the  anterior  portion  of  the  supero-mesial  border  of  the  hemisphere,  and  therefore 
extends  horizontally  from  the  precentral  sulcus  to  the  frontal  pole.  It  is  sometimes 
imperfectly  divided  into  a  superior  and  an  inferior  part  by  a  series  of  detached,  ir- 
regular furrows,  spoken  of  collectively  as  the  para-medial  sidcus.  The  resulting  gyri 
transitivi  are  of  interest  in  that  they  are  peculiar  to  the  human  brain,  and  are  said  to 
be  more  marked  in  the  higher  than  in  the  lower  types. 

The  middle  frontal  gyrus  is  likewise  a  broad  strip  of  pallium  extending  from  the 
precentral  sulcus  to  the  temporal  pole.  It  is  separated  from  the  superior  frontal 
gyrus  by  the  superior  frontal  sulcus,  which  is  usually  continuous  into  the  superior 
section  of  the  precentral  sulcus  and  thence  extends  horizontally  to  the  frontal  pole. 
The  middle  frontal  gyrus  is  in  most  cases  subdivided  anteriorly  into  a  superior  and  an 
inferior  portion  by  a  middle  frontal  sulcus.    This  sulcus  begins  above  and  runs 
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into  the  frontal  pole,  where,  upon  reaching  the  superciliary  border,  it  frequently 
bifurcates  into  a  transverse  furrow,  known  as  the  fronto-marginal  sulcus. 

The  inferior  frontal  gyrus  forms  the  superior  wall  of  the  lateral  fissure,  and  is 
separated  from  the  middle  frontal  gyrus  by  the  inferior  frontal  sulcus.  This  sulcus 
begins  continuous  with  the  inferior  section  of  the  precentral  sulcus,  and  extends, 
very  irregularly  and  frequently  interrupted,  towards  the  frontal  pole.  The  gyrus 
abuts  upon  the  anterior  central  gyrus,  and  its  posterior  portion  is  divided  into  three 
parts  (the  frontal  opercula)  by  the  anterior  ascending  and  horizontal  rami  of  the 
lateral  fissure.  The  part  behind  the  anterior  ascending  ramus  is  the  opercular 
portion  (a  part  of  the  fronto-parietal  operculum  or  operculum  proper),  sometimes 
referred  to  as  the  basilar  portion.  In  most  brains  this  part  is  traversed  by  a  short 
oblique  furrow,  the  diagonal  sulcus.  The  part  bet  ween  the  two  anterior  rami  of  the 
lateral  fissure  is  the  cap-shaped  triangular  portion.  This  portion  frequently  in- 
volves one  and  sometimes  two  descending  twigs  of  the  inferior  frontal  sulcus.  The 
part  below  the  anterior  horizontal  ramus  is  by  position  the  orbital  portion. 

It  is  seen  that  the  inferior  frontal  gyrus  gives  rise  to  the  whole  of  the  frontal  operculum 
and  the  anterior  half  of  the  fronto-parietal  operculum.  The  opercular  portion  is  of  special 
interest  in  that  in  the  left  hemisphere  it  constitutes  the  celebrated  convolution  of  Broca,  con- 
cerned in  the  function  of  speech.  The  area  controlling  speech,  however,  involves  the  triangular 
portion  as  well,  and  both  these  parts  often  appear  more  developed  on  the  left  hemisphere.  The 
development  of  the  opercula  of  the  inferior  frontal  gyrus  is  a  distinctive  characteristic  of  the 
human  brain.  This  gyrus  does  not  develop  opercula  even  in  the  highest  varieties  of  apes.  The 
development  of  the  function  of  speech  in  man  no  doubt  influences  the  development  of  the  frontal 
opercula.  • 

On  the  basal  surface  of  the  frontal  lobe  is  the  orbital  area  and  the  gyrus  rectus. 
The  more  pronounced  of  the  orbital  sulci  are  often  so  joined  with  each  other  as  to 
form  an  H -shaped  figure  standing  parallel  to  the  mesial  plane,  and  thus  they  com- 
prise an  internal,  an  external,  and  a  transverse  orbital  sulcus.  This  figure  naturally 
divides  the  orbital  area  into  four  gyri: — (1)  The  external  orbital  gyrus  is  the  basal 
continuation  of  the  inferior  frontal  gyrus,  and  is  thus  related  to  the  orbital  portion  of 
the  frontal  operculum;  (2)  the  anterior  orbital  gyrus  is  continuous  at  the  pole  with 
the  middle  frontal  gyrus;  (3)  the  posterior  orbital  gyrus  is  closely  related  to  the 
limen  insulae  and  the  stem  of  the  lateral  fissure,  and  its  outer  part  is  in  relation  with 
the  orbital  portion  of  the  operculum;  (4)  the  internal  orbital  gyrus  is  continuous 
over  the  superciliary  border  with  the  superior  frontal  gyrus.  It  frequently  contains 
one  or  two  short,  isolated  sulci.  Its  mesial  boundary  is  the  straight  olfactory  sulcus, 
in  which  lies  the  olfactory  bulb  and  tract  of  the  rhinencephalon.  This  sulcus  marks 
off  a  narrow  straight  strip  of  cortex  between  it  and  the  mesial  border  of  the  lobe 
known  as  the  gyrus  rectus.  The  posterior  portion  of  the  gyrus  rectus  comprises  a 
part  of  the  parolfactory  area  or  Broca's  area,  which  functionally  belongs  to  the 
rhinencephalon. 

On  the  mesial  surface  of  the  frontal  lobe  the  superior  frontal  gyrus  is  separated 
from  the  gyrus  cinguli  of  the  rhinencephalon  (limbic  lobe)  by  the  well-marked  sulcus 
cinguli.  Anteriorly  the  superior  frontal  gyrus  is  subdivided  by  the  main  stem  of 
the  rostral  sulci  into  a  marginal  gyrus,  and  what  may  be  termed  a  submarginal 
gyrus.  The  marginal  gyrus  is  usually  broken  into  smaller  parts  by  twigs  of  the 
rostral  sulci,  most  of  which  are  perpendicular  to  the  main  stem,  while  the  submar- 
ginal gyrus  is  less  frequently  interrupted.  Posteriorly  the  superior  frontal  gyrus 
constitutes  the  anterior  portion  of  the  paracentral  lobule,  a  part  of  the  somsesthetic 
area  of  the  mesial  surface  of  the  hemisphere.  This  lobule  is  usually  marked  off  an- 
teriorly by  a  vertical  twig  from  the  sulcus  cinguli. 

The  sulcus  cinguli  (calloso-marginal  fissure)  is  the  longest  and  one  of  the  most 
prominent  sulci  on  the  mesial  surface  of  the  hemisphere.  It  divides  the  anterior 
portion  of  the  mesial  surface  into  a  marginal  part  above  and  a  callosal  part  below — 
in  other  words,  it  separates  the  superior  frontal  gyrus  from  the  gyrus  cinguli.  Its 
subfrontal  portion  begins  below  the  rostrum  of  the  corpus  callosum  and  curves 
forwards  and  upwards  around  the  genu,  and  then  turns  backwards  above  the  body  of 
the  corpus  callosum.  Before  it  reaches  the  level  of  the  splenium,  it  turns  upwards 
and  cuts  and  terminates  in  the  supero-mesial  border  of  the  hemisphere,  as  the  next 
sulcus  behind  the  upper  termination  of  the  central  sulcus.  This  upward  turn  is  the 
marginal  portion  of  the  sulcus  cinguli.  It  is  sometimes  an  abrupt  curve  and  some- 
times curves  gradually,  but  its  marginal  relation  to  the  upper  end  of  the  central  sulcus 
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is  so  constant  that  it  serves  as  a  means  by  which  either  of  the  sulci  may  be  identified. 
The  marginal  portion  separates  the  paracentral  lobule  from  the  precuneus  (quadrate 
lobule),  and  is  wholly  within  the  parietal  lobe.  One  of  the  most  constant  twigs  of 
the  sulcus  cinguli  is  that  which  marks  off  the  paracentral  lobule  from  the  superior 
frontal  gyrus.  Another  sometimes  divides  the  paracentral  lobule  into  its  frontal  and 
parietal  portions.  The  sulcus  cinguli  is  developed  from  two  and  sometimes  three 
(anterior,  middle,  and  posterior)  separate  furrows,  which  later  extend  and  fuse  into 
continuity.  This  method  of  its  development  may  explain  the  irregularities  fre- 
quently met  with  and  the  fact  that  sometimes  in  the  adult  the  sulcus  occurs  in 
separate  pieces. 

The  central  sulcus  (fissure  of  Rolando)  is  one  of  the  principal  landmarks  of  the 
convex  surface  of  the  hemisphere.    It  separates  the  frontal  from  the  parietal  lobe, 

Fig.  624. — Basal  Surface  of  the  Cerebral  Hemispheres.    (After  Toldt,  "Atlas  of  Human 
Anatomy,"  Rebman,  London  and  New  York.) 
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and  likewise  divides  the  somsesthetic  area  of  the  pallium.  Its  upper  end  terminates 
in  and  usually  cuts  the  supero-mesial  border  of  the  hemisphere  immediately  in  front 
of  the  termination  of  the  marginal  portion  of  the  sulcus  cinguli.  Thence  it  pursues 
an  oblique  though  sinuous  course  forwards  across  the  convex  surface  of  the  hemi- 
sphere, forming  on  the  average  an  angle  of  about  72°  with  the  supero-mesial  border 
(Rolandic  angle),  and  terminates  in  the  fronto-parietal  operculum  immediately 
above  the  posterior  ramus,  and  about  2-5  cm.  behind  the  point  of  origin  of  the  an- 
terior rami  of  the  lateral  fissure.  It  rarely  cuts  through  the  fronto-parietal  oper- 
culum. In  its  sinuous  course,  two  bends  are  most  marked: — (1)  The  superior  genu 
occurs  at  about  the  junction  of  the  upper  and  middle  thirds  of  the  sulcus  and  is  con- 
cave forwards.    It  accommodates  the  greater  part  of  that  portion  of  the  cortex 
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which  is  the  motor  area  for  the  muscles  of  the  arm,  and  the  development  of  this  area 
in  man  probably  aids  in  producing  it.  (2)  The  inferior  genu  occurs  below,  is 
concave  backwards,  and  is  probably  in  part  a  result  of  the  superior  genu — the  turn 
of  the  sulcus  in  resuming  its  general  course.  The  upper  part  of  this  genu  also 
accommodates  a  smaller  (inferior)  portion  of  the  arm  area. 

The  central  sulcus  (Rolandi)  appears  in  the  pallium  of  the  foetus  during  the  latter  part 
of  the  fifth  month.  It  then  consists  of  a  lower  longer  and  an  upper  shorter  part.  Usually 
these  two  parts  become  continuous  before  birth;  very  rarely  do  they  remain  separate  in  the  adult. 
The  point  of  their  fusion  is  sometimes  manifest  within  the  depth  of  the  sulcus.  If  the  lips  of  the 
sulcus  be  pressed  widely  apart  at  about  the  region  of  the  junction  of  its  middle  and  upper  third, 
it  will  be  found  that  the  opposing  walls  give  off  a  number  of  protuberances  or  lateral  gyri,  which 
dovetail  into  each  other  when  the  sulcus  is  closed.  Sometimes  two  of  these  lateral  gyri  appear 
fused  across  the  floor  of  the  sulcus,  so  as  to  form  a  bridge  of  grey  substance  known  as  the  deep 
annectant  gyrus.  This  interruption  of  the  continuity  of  the  sulcus,  when  present,  represents  the 
point  at  which  the  two  parts  of  the  sulcus  in  the  fcetal  brain  joined  each  other  without  the  con- 
tinuity becoming  wholly  completed  in  the  adult.  The  genua  of  the  adult  sulcus  may  often  be 
due  to  the  precedent  parts  not  being  in  line  at  the  time  of  their  fusion. 

The  parietal  lobe. — The  parietal  lobe  occupies  a  somewhat  smaller  area  of 
the  human  telencephalon  than  either  the  frontal  or  the  temporal  lobe.  It  has  a 
convex  and  a  mesial  surface,  but  no  basal  surface.  It  is  separated  from  the  frontal  lobe 
in  front  by  the  central  sulcus;  from  the  occipital  lobe  behind  by  the  parieto-occipital 
fissure  (fig.  626),  and  by  an  arbitrary  line  drawn  transversely  around  the  convex  sur- 
face of  the  hemisphere  from  the  superior  extremity  of  this  fissure  to  the  infero-lateral 
border ;  and  from  the  temporal  lobe  below  by  the  horizontal  part  of  the  posterior 
ramus  of  the  lateral  fissure,  and  by  a  line  drawn  in  continuity  with  this  horizontal 
part  to  intersect  the  transverse  line  drawn  to  limit  it  from  the  occipital  lobe. 

The  preoccipital  notch. — In  situ,  the  infero-lateral  border  of  the  posterior  portion  of  the 
hemisphere  rests  over  a  small  portion  of  the  parieto-mastoid  suture  of  the  cranium,  and  upon 
this  structure  occurs  a  fold  or  vertical  thickening  of  the  dura  mater,  which  slightly  indents  the 
infero-lateral  border.  This  indentation  occurs  about  4  cm.  from  the  occipital  pole,  and  is  con- 
sidered one  of  the  points  of  limitation  of  the  parietal  from  the  occipital  lobe,  and  is  therefore 
called  the  preoccipital  notch.  While  during  late  foetal  life  and  early  childhood  it  is  well  marked, 
it  is  usually  very  slight  in  the  adult  brain,  and  is,  as  a  rule,  evident  only  in  brains  hardened 
in  situ.  When  it  is  visible,  the  arbitrary  transverse  line  from  the  superior  extremity  of  the 
parieto-occipital  fissure,  used  as  a  boundary  between  the  convex  surfaces  of  the  parietal  and 
occipital  lobes,  should  be  so  drawn  as  to  bisect  the  preoccipital  notch. 

The  convex  surface  of  the  parietal  lobe  comprises  the  following  gyri  and  sulci: — 
The  posterior  central  gyrus  (ascending  parietal)  extends  obliquely  across  the 
hemisphere  parallel  with  the  anterior  central  gyrus  of  the  frontal  lobe,  from  which  it 
is  separated  by  the  central  sulcus.  Its  inferior  end  is  bounded  by  the  posterior  ramus 
of  the  lateral  fissure,  and  constitutes  the  posterior  or  parietal  portion  of  the  fronto- 
parietal operculum.  Its  upper  end  takes  part  in  the  supero-mesial  border  of  the 
hemisphere,  and  is  bounded  posteriorly  by  the  tip  end  of  the  marginal  portion  of  the 
sulcus  cinguli.  Its  postero-lateral  boundary  consists  of  the  two  more  or  less  vertical 
rami  or  factors  of  the  interparietal  sulcus,  viz.,  the  inferior  and  superior  portions 
of  the  postcentral  sulcus,  either  continuous  with  each  other  or  detached. 

The  interparietal  sulcus  (intraparietal)  is  often  the  most  complicated  sulcus 
of  the  pallium.  Its  development  usually  begins  as  four  different  furrows  in  the  fcetal 
brain,  and  the  difficulty  with  which  it  is  traced  in  the  adult  brain  depends  upon  the 
extent  to  which  these  four  factors  become  continuous  in  the  later  development. 
When  continuity  of  the  furrows  is  well  established,  the  entire  sulcus  may  be  described 
as  consisting  of  a  convex  horizontal  ramus,  which  gives  off  a  few  short  collateral  twigs 
and  whose  either  end  is  in  the  form  of  an  irregular,  reclining  — T.  The  transverse 
bar  of  the  anterior  end  arises  from  two  of  the  four  factors  of  the  entire  sulcus: — (1) 
an  inferior  furrow,  the  inferior  postcentral  sulcus,  commencing  above  the  posterior 
ramus  of  the  lateral  fissure  and  ascending  as  the  boundary  of  the  lower  half  of  the  pos- 
terior central  gyrus,  and  (2)  a  superior  furrow,  the  superior  postcentral  sulcus,  lying 
behind  the  upper  portion  of  the  posterior  central  gyrus,  and  which,  upon  approaching 
the  supero-mesial  border,  may  turn  backward  a  short  distance  parallel  with  the 
horizontal  ramus,  as  in  fig.  622.  When  confluent,  these  two  factors  form  together  a 
continuous  postcentral  sulcus.  In  the  adult  the  inferior  of  the  two  is  always  con- 
tinuous with  the  horizontal  ramus;  when  confluent,  the  two  figures  join  so  as  to  form 
the  transverse  bar  of  the  anterior  end  of  this  ramus.    The  horizontal  ramus,  which 
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represents  the  third  of  the  primary  furrows,  is  continued  backwards  past  the  superior 
extremity  of  the  parieto-occipital  fissure  into  the  occipital  lobe,  where  it  usually 
joins  the  occipital  ramus,  the  fourth  of  the  primary  furrows.  This  ramus  divides 
shortly  into  two  branches  which  run  at  right  angles  to  the  stem,  forming  the  trans- 
verse occipital  sulcus,  and  thus  arises  the  transverse  bar  of  the  posterior  end  of  the 
interparietal  sulcus.  The  occipital  ramus  may,  however,  consist  of  little  more  than 
the  transverse  bar,  which  may  or  may  not  be  joined  by  the  horizontal  ramus.  The 
occipital  ramus  is  more  frequently  separate  from  the  horizontal  than  is  the  post- 
central sulcus.  In  their  development  the  inferior  postcentral  sulcus  appears  first 
(during  the  latter  part  of  the  sixth  month),  the  occipital  ramus  second,  the  horizontal 
ramus  third,  and  last,  the  superior  postcentral  sulcus. 

The  superior  parietal  lobule  (gyrus)  is  the  area  of  the  supero-mesial  border 
of  the  parietal  lobe.  It  is  limited  in  front  by  the  superior  postcentral  sulcus,  below 
by  the  horizontal  ramus  of  the  interparietal  sulcus,  and  posteriorly  it  is  continuous 

Fig.  625. — Convex  Surface  of  the  Cerebral  Hemispheres  as  Viewed  from  Above. 
(After  Toldt,  "Atlas  of  Human  Anatomy,"  Rebman,  London  and  New  York.) 
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around  the  superior  end  of  the  parieto-occipital  fissure  into  the  cortex  of  the  occipital 
lobe.  It  is  a  relatively  wide  area  (lobule),  always  invaded  by  collateral  twigs  of  its 
limiting  sulci,  and  usually  contains  a  few  short,  isolated  furrows.  When  the  parieto- 
occipital fissure  is  considerably  prolonged  over  the  supero-mesial  border  (external 
parieto-occipital  fissure) ,  the  continuation  of  the  lobule  about  the  end  of  this  fissure 
presents  the  appearance  described  as  the  parieto-occipital  arch. 

The  inferior  parietal  lobule  is  limited  in  front  by  the  inferior  postcentral  sulcus, 
and  above  by  the  horizontal  ramus  of  the  interparietal  sulcus.  It  is  continuous  with 
the  cortex  of  the  temporal  lobe  below,  and  with  that  of  the  occipital  lobe  behind,  and 
is  therefore  invaded  by  the  ends  of  the  sulci  belonging  to  these  lobes.  Its  anterior 
portion  is  separated  from  the  temporal  lobe  by  the  horizontal  portion  of  the  posterior 
ramus  of  the  lateral  fissure.  The  upturned  end  of  this  ramus  invades  the  anterior 
portion  of  the  lobule  and  the  broad  fold,  arched  around  this  end  and  continuous 
behind  it  into  the  superior  temporal  gyrus,  is  known  as  the  supramarginal  gyrus. 
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The  angular  gyrus  is  the  portion  which  embraces  the  posterior  end  of  the  superior 
temporal  sulcus,  and  is  continuous  behind  this  into  the  middle  temporal  gyrus  and 
in  front  with  the  superior  temporal  gyrus.  Its  shape  is  usually  such  as  to  suggest 
its  name.  The  most  posterior  part  of  the  inferior  parietal  lobule,  when  arching  in  a 
similar  way  about  the  end  of  the  middle  temporal  sulcus  and  continuous  with  the 
temporal  gyri  on  its  either  side,  is  known  as  the  post-parietal  gyrus.  This  is  a 
smaller  area  than  either  of  the  other  two,  and,  owing  to  the  variability  of  the  end  of 
the  middle  temporal  sulcus,  is  not  always  evident. 

The  mesial  surface  of  the  parietal  lobe  is  divided  into  two  parts  by  the  marginal 
portion  of  the  sulcus  cinguli.  The  anterior  and  smaller  part  is  the  mesial  continuation 
of  the  posterior  central  gyrus,  and  comprises  the  posterior  portion  of  the  paracentral 
lobule.  It  is  limited  from  the  part  of  this  lobule  belonging  to  the  frontal  lobe  by  a 
vertical  line  drawn  from  the  marginal  extremity  of  the  central  sulcus.  The  praecu- 
neus  (quadrate  lobule)  is  the  posterior  and  larger  part  of  the  mesial  surface  of  the 
parietal  lobe.  It  is  separated  from  the  cuneus  of  the  occipital  lobe  by  the  parieto- 
occipital fissure,  and  is  imperfectly  separated  from  the  gyrus  cinguli  (limbic  lobe) 


Fig.  626. — Outline  Drawing  of  Mesial  Surface  of  Left  Cerebral  Hemisphere. 
(After  Toldt,  "Atlas  of  Human  Anatomy,"  Rebman,  London  and  New  York-:) 
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below  by  the  subparietal  sulcus  (postlimbic  fissure),  branches  of  which  invade  it  ex- 
tensively. 

The  occipital  lobe. — This  is  a  relatively  small,  trifacial,  pyramidal  segment, 
comprising  the  posterior  extremity  of  the  hemisphere,  its  apex  being  the  occipital 
pole.  Though  one  of  the  natural  divisions  of  the  cerebral  hemisphere,  it  is  very  in- 
definitely marked  off  from  the  lobes  anterior  to  it.  Though  it  contains  the  cortical 
area  of  the  visual  apparatus,  only  in  the  brains  of  man  and  the  apes  does  it  occur  as  a 
well-defined  projection.  In  most  of  the  mammalia  it  is  not  differentiated  at  all. 
Its  three  surfaces  comprise  a  convex,  a  mesial,  and  a  tentorial  surface. 

Its  convex  surface  is  separated  from  that  of  the  parietal  and  temporal  lobes  by  the 
superior  and  external  extremity  of  the  parieto-occipital  fissure,  and  by  an  arbitrary 
line  drawn  transversely  from  this  extremity  to  t  he  infero-lateral  border  of  the  hemi- 
sphere, or  so  drawn  as  to  bisect  the  pre-occipital  notch  when  this  is  evident.  The 
sulci  which  occur  on  the  convex  surface  may  be  described  as  two,  though  both  of 
these  are  very  variable  in  their  extent  and  shape,  and  their  branches  are  inconstant 
both  as  to  number  and  length.    (1)  The  transverse  occipital  sulcus  is  the  most 
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constant  in  shape.  It  extends  a  variable  distance  transversely  across  the  superior 
portion  of  the  lobe,  and,  as  noted  above,  it  is  frequently  continuous  with  the  inter- 
parietal sulcus  through  its  occipital  ramus,  and  when  so,  it  appears  as  the  posterior 
terminal  bifurcation  of  this  sulcus  (fig.  624) .  When  detached,  it  often  occurs  merely 
as  a  definite  furrow  with  few  rami,  and  sometimes  the  ramus  by  which  it  otherwise 
would  join  the  interparietal  sulcus  is  entirely  absent.  (2)  The  lateral  occipital 
sulcus  is  always  short,  and  has  its  deepest  portion  below  the  transverse  sulcus.  It 
usually  has  a  somewhat  oblique  course  towards  the  supero-mesial  border.  Some- 
times it  occurs  in  several  detached  pieces,  then  known  collectively  as  the  lateral 
occipital  sulci. 

Therefore,  the  gyri  of  the  convex  surface  of  the  lobe  are  also  variable.  They 
are  not  sufficiently  constant  to  merit  individual  names.  The  lateral  occipital  sulcus 
or  sulci  roughly  divide  them  into  an  inferior  and  lateral  area,  known  as  the  lateral 
occipital  gyri,  and  into  a  superior  area,  the  superior  occipital  gyri.  The  lateral 
area  is  continuous  into  the  gyri  of  the  temporal  lobe,  while  the  superior  area  is  con- 
tinuous into  the  gyri  of  the  parietal  lobe. 

The  mesial  surface  of  the  occipital  lobe  is  separated  from  that  of  the  parietal  lobe 
(precuneus)  and  from  the  gyrus  cinguli  of  the  limbic  lobe  by  the  well-marked 
parieto-occipital  fissure.  It  comprises  the  constantly  defined,  wedge-shaped  lobule 
known  as'the  cuneus,  and  the  posterior  and  mesial  extremity  of  the  lingual  gyrus. 
Since  the  greater  portion  of  the  length  of  the  lingual  gyrus  is  involved  in  the  basal 
surface  of  the  temporal  lobe,  this  gyrus  as  a  whole  has  been  considered  as  belonging 
to  the  temporal  lobe  (see  figs.  619  and  624).  The  cuneus  is  separated  from  the  lingual 
gyrus  by  the  posterior  portion  of  the  calcarine  fissure,  which  always  terminates  in  a 
bifurcation,  one  limb  of  which  invades  the  cuneus  near  the  superomesial  border.  In 
addition  the  cuneus  may  contain  other  twigs  from  both  the  fissures  bounding  it,  and 
also,  when  wide,  may  contain  one  or  more  short,  detached  sulci  cunei. 

The  calcarine  fissure  and  the  parieto-occipital  fissure  are  almost  invariably  joined  in 
the  human  brain,  forming  a  Y-shaped  figure,  the  prongs  of  which  give  the  cuneus  its  shape. 
The  calcarine  fissure  begins  on  the  tentorial  surface  in  the  posterior  portion  of  the  hippocampal 
gyrus  of  the  limbic  lobe,  below  the  splenium  of  the  corpus  callosum,  and  extends  backwards 
across  the  internal  occipital  border  of  the  hemisphere.  It  then  bends  downwards  and  proceeds 
to  its  terminal  bifurcation  in  the  polar  portion  of  the  occipital  lobe.  The  stem  or  hippocampal 
portion  of  the  fissure  is  deeper  than  the  posterior  or  occipital  portion.  It  produces  a  well-marked 
eminence  in  the  inner  wall  of  the  posterior  cornu  of  the  lateral  ventricle,  known  as  the  calcar 
avis  or  hippocampus  minor.  It  is  developed  separately  from  the  posterior  portion,  which  also 
first  appears  as  two  grooves.    All  three  parts  are  usually  continuous  with  each  other  before  birth. 

The  parieto-occipital  fissure  usually  appears  from  the  first  as  a  continuous  groove.  It 
begins  in  the  supero-mesial  border  of  the  hemisphere,  rarely  extending  into  the  convex  surface 
more  than  10  mm.  (external  parieto-occipital  fissure),  thence  it  extends  vertically  downwards 
across  the  mesial  surface  (internal  parieto-occipital  fissure),  and  terminates  by  joining  the  calcarine 
fissure  at  the  region  of  the  downward  bend  of  the  latter,  or  at  about  the  junction  of  its  anterior 
and  middle  thirds.  In  certain  of  the  lower  apes  and  in  the  brain  of  the  chimpanzee  there  is  no 
junction  between  the  two  fissures,  they  being  kept  apart  by  a  narrow  neck  of  cortex,  the  gyrus 
cunei.  Neither  are  they  joined  in  the  human  fcetus.  If  in  the  adult  human  brain  the  region  of 
their  junction  be  opened  widely,  there  will  be  found  a  submerged  gyrus  transitivus  (deep  annectant 
gyrus),  which  is  the  gyrus  cunei,  superficial  in  the  fcetus.  In  the  higher  apes  and  in  micro- 
cephalic idiots  this  gyrus  may  be  on  the  surface  or  partially  submerged.  Two  other  gyri  transitivi 
(annectant  gyri)  are  to  be  found  by  pressing  open  the  calcarine  fissure,  and  they  mark  the  points 
at  which  its  three  original  grooves  became  continuous  during  its  development  into  a  boundary 
between  the  cuneus  and  the  lingual  gyrus.  Of  these,  the  anterior  cuneo-lingual  gyrus  crosses 
the  floor  of  the  calcarine  fissure  on  the  posterior  side  of  its  junction  with  the  parieto-occipital 
fissure,  and  therefore  near  the  gyrus  cunei.  The  posterior  cuneo-lingual  gyrus  occurs  near  the 
region  of  the  terminal  bifurcation  of  the  fissure. 

The  tentorial  surface  of  the  occipital  lobe  is  blended  intimately  with  that  of  the 
temporal  lobe,  from  which  it  is  separated  only  by  an  arbitrary  line  drawn  to  join  the 
line  of  demarcation  for  the  convex  surface,  at  the  region  of  the  pre-occipital  notch, 
and  thence  to  the  isthmus  of  the  gyrus  fornicatus — the  narrow  neck  of  cortex  con- 
necting the  gyrus  cinguli  with  the  hippocampal  gyrus,  just  below  the  splenium  of  the 
corpus  callosum  (see  fig.  619).  The  gyri  blending  the  occipital  and  temporal  lobes 
across  this  line  are  the  lingual  gyrus,  already  mentioned,  and  the  fusiform  gyrus 
(occipito-temporal  convolution).  In  fact,  the  tentorial  surface  of  the  lobe  may  be 
considered  as  nothing  more  than  the  posterior  extremity  of  the  fusiform  gyrus,  and  the 
inferior  portion  of  the  same  extremity  of  the  lingual  gyrus.  The  former  is  often 
somewhat  broken  up  and  is  then  continuous  into  the  lateral  occipital  gyri.  The 
two  gyri  are  separated  by  the  collateral  fissure,  the  end  of  which  extends  into  the 
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lobe.  The  fusiform  gyrus  is  bounded  laterally  by  the  inferior  temporal  sulcus, 
which  sometimes  is  continuous  by  a  lateral  twig  across  the  posterior  end  of  this 
gyrus  with  the  collateral  fissure. 

The  rhinencephalon. — The  rhinencephalon  or  olfactory  brain  includes  those 
portions  of  the  cerebral  hemisphere  which  are  chiefly  concerned  as  the  central  con- 
nections of  the  olfactory  apparatus.  Owing  to  the  preponderant  development  of  the 
other  divisions  of  the  hemisphere,  the  parts  comprising  this  division  appear  relatively 
but  feebly  developed  in  the  human  brain.  In  most  of  the  mammals  the  sense  of 
smell  is  relatively  much  more  highly  developed,  and  in  many  of  the  larger  mammals 
the  parts  comprising  the  rhinencephalon  are  of  greater  absolute  size  than  in  man, 
though  their  cerebral  hemispheres  may  be  considerably  smaller.  In  the  human 
foetus  the  parts  of  the  rhinencephalon  are  relatively  much  more  prominent  than  after 
the  completed  differentiations  into  the  adult  condition.  In  the  broader  sense  of  the 
term  the  rhinencephalon  includes  those  parts  of  the  hemisphere  usually  classed  as 
comprising  two  lobes,  viz.,  the  olfactory  lobe  and  the  limbic  lobe.  Neither  of  these 
is  a  'lobe'  in  the  sense  of  comprising  a  definite  segment  of  the  hemisphere,  as  do  the 
other  lobes,  and  therefore  the  rhinencephalon  cannot  be  called  a  distinct  lobe.  It  is 
so  strung  out  that  by  one  or  the  other  of  its  parts  it  is  either  in  contact  or  continuity 
with  each  of  the  other  lobes  of  the  hemisphere. 

Fig.  627. — Brain  of  Human  Fcetus  of  22-5  Cm.  (Beginning  of  Fifth  Month),  showing  the 
Parts  of  the  Developing  Rhinencephalon  Apparent  on  the  Basal  Surface.  (After 
Retzius.) 
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Morphologically,  the  rhinencephalon  may  be  divided  into  an  anterior  and  a  pos- 
terior portion. 

The  olfactory  lobe  proper  may  be  considered  as  comprising  the  anterior  portion  of 
the  rhinencephalon.  This  belongs  almost  wholly  to  the  base  of  the  encephalon,  and 
consists  of  the  following  parts: — 

(1)  The  olfactory  bulb  is  an  elongated,  oval  enlargement  of  grey  substance  which 
lies  upon  the  lamina  cribrosa  of  the  ethmoid  bone,  and,  practically  free,  it  presses 
under  the  anterior  end  of  the  olfactory  sulcus  of  the  basal  surface  of  the  frontal  lobe. 
The  numerous  thin  filaments  of  the  olfactory  nerve  enter  the  cranium  through  the 
foramina  of  the  lamina  cribrosa  and  pass  into  the  ventral  surface  of  the  bulb. 

(2)  The  olfactory  tract  is  a  triangular  band  of  white  substance  which  arises  in 
the  olfactory  bulb,  and  continues  backwards  about  20  mm.  to  the  region  of  the 
anterior  perforated  substance.  It  appears  triangular  in  transverse  section  from  the 
fact  that  its  upper  side  fits  into  the  olfactory  sulcus.  It  becomes  somewhat  broader 
at  its  posterior  end. 

(3)  The  olfactory  trigone  is  the  small  triangular  ridge  joining  in  front  the 
anterior  perforated  substance.  Upon  it  the  olfactory  tract  breaks  up  into  three 
roots,  the  lateral,  intermediate,  and  medial  olfactory  striae.  The  lateral  olfactory  stria 
emphasizes  the  lateral  portion  of  the  trigone  into  what  is  sometimes  called  the  lateral 
olfactory  gyrus,  a  portion  of  which  is  directly  continuous  into  the  limen  insulce 
(figs.  624  and  627) .    While  a  few  of  the  fibres  of  the  lateral  stria  penetrate  this  portion, 
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the  greater  mass  of  them  pass  obliquely  outwards  over  it  and  gradually  disappear  in 
the  antero-lateral  portion  of  the  anterior  perforated  substance,  in  which  some  of  them 
terminate,  but  through  which  most  of  them  pass  to  curve  into  the  anterior  end  of  the 
hippocampal  gyrus  and  terminate  there,  chiefly  in  the  uncus.  In  most  of  the  mam- 
mals the  lateral  stria  is  so  strong  that  it  appears  as  a  superficial  white  band  passing 
directly  into  the  uncus. 

(4)  The  parolfactory  area  (Broca's  area)  involves  the  mesial  extension  of  the 
olfactory  trigone,  and  is  concerned  with  the  medial  olfactory  stria.  On  the  basal  sur- 
face of  the  hemisphere  this  area  involves  the  posterior  extremity  of  the  gyrus  rectus — 
a  portion  of  which  is  sometimes  separated  from  the  remainder  of  the  gyrus  by  a 
ventral  prolongation  of  the  anterior  parolfactory  sulcus  of  the  medial  surface  (see  figs. 
626  and  624).  This  prolongation  when  present  has  been  called  the  fissura  serotina. 
On  the  medial  surface  the  parolfactory  area  appears  as  a  definite  gyrus  bearing  its 
name.  In  front  this  is  separated  from  the  superior  frontal  gyrus  by  the  anterior 
parolfactory  sulcus,  and  from  the  subcallosal  gyrus  behind  by  the  deeper  posterior 
parolfactory  sulcus  (fig.  626) .  It  is  continuous  above  into  the  gyrus  cinguli  of  the 
limbic  lobe,  the  posterior  part  of  the  rhinencephalon.  A  large  portion  of  the  fibres 
of  the  medial  stria  are  lost  in  the  parolfactory  area,  and  are  known  to  terminate 
about  the  cells  there.  This  stria  or  root  of  the  olfactory  tract  forms  a  slight  ridge 
on  the  ventral  surface  of  the  area,  which  is  frequently  prominent  enough  to  retain 
the  name  medial  olfactory  gyrus  applied  to  it  in  the  foetal  brain  (fig.  627). 

(5)  The  subcallosal  gyrus  (peduncle  of  the  corpus  callosum)  is  the  narrow  fold 
of  the  pallium  which  lies  between  the  posterior  parolfactory  sulcus  and  the  rostral 
lamina  and  the  ventral  continuation  of  the  latter  into  the  lamina  terminalis.  It 
begins  above,  in  part  fused  to  the  rostrum  of  the  corpus  callosum,  and  in  part  continu- 
ous with  the  gyrus  cinguli,  and  below  it  goes  over  into  the  anterior  perforated  sub- 
stance. Some  fibres  of  the  medial  olfactory  stria  disappear  in  the  substance  of  this 
gyrus. 

(6)  The  anterior  perforated  substance  must  be  considered  with  the  rhinenceph- 
alon, but,  like  the  limen  insula?,  it  can  only  be  considered  as  belonging  in  part  to 
this  division  of  the  brain.  It  comprises  the  basal  region  between  the  optic  chiasma 
and  tract  and  the  olfactory  trigone.  Usually  the  posterior  parolfactory  sulcus 
(fissura  prima  of  the  embryo)  is  sufficiently  evident  to  more  or  less  distinctly  separate 
it  from  the  latter.  A  few  fibres  from  the  middle  stria  are  known  to  disappear  within 
its  depths,  and,  as  mentioned  above,  many  fibres  from  the  lateral  stria  also  pass  into 
it.  The  intermediate  olfactory  stria  is  always  much  the  weakest  of  the  three  stride, 
and  in  many  specimens  is  apparently  absent.  The  fibres  of  this  stria  run  almost 
straight  backwards  and  plunge  directly  into  the  anterior  perforated  substance,  where 
some  of  them  are  known  to  terminate,  while  others  continue  into  the  uncus.  On 
embryological  grounds,  the  subcallosal  gyrus  and  the  anterior  perforated  substance 
are  classed  as  the  posterior  division  of  the  'olfactory  lobe'  or  anterior  part  of  the 
rhinencephalon. 

The  olfactory  bulb  and  tract  arise  as  a  hollow  outgrowth  from  the  lower  and  anterior  part 
of  the  anterior  of  the  three  primary  vesicles.  It  is  a  tubular  structure  at  first,  and  in  many 
of  the  mammals  the  cavity  maintains  throughout  life  as  the  olfactory  ventricle.  In  man  the 
cavity  becomes  occluded  and  the  ependyma  and  gelatinous  substance  which  surround  it  become 
the  grey  core  of  the  bulb  and  tract  of  the  adult. 

The  grey  substance  persists  and  developes  chiefly  in  the  bulb,  and  in  fact  produces  it  as  such. 
It  is  much  thicker  on  the  ventral  surface  of  the  bulb  than  on  the  dorsal  surface,  and  in  section  shows 
definite  layers.  From  within  outwards,  the  principal  of  these  layers  are — (1)  the  layer  of  large 
cells  whose  shape  suggests  their  name,  mitral  cells;  (2)  large  dendrites  of  the  mitral  cells  project 
towards  the  surface  and  there  break  up  into  numerous  telodendria  which  copiously  interdigitate 
with  like  telodendria  of  the  entering  fibres  of  the  olfactory  nerve,  thus  forming  rounded,  much 
tangled  glomeruli  and  the  layer  containing  these,  the  glomerular  layer ;  (3)  the  superficial  layer,  or 
olfactory  layer,  consists  of  the  fibres  of  the  olfactory  nerve  which  form  a  dense  interlacement  with 
each  other  on  the  ventral  surface  of  the  bulb  before  they  pass  into  its  interior.  The  dorsal 
surface  of  the  bulb  becomes  formed  almost  wholly  of  the  fibres  which  arise  as  axones  of  the 
mitral  cells  and  pass  backwards  to  form  the  olfactory  tract,  and  thence  to  their  localities  of  termina- 
tion, chiefly  by  way  of  the  three  stria?.  Along  the  dorsal  aspect  of  the  olfactory  tract  the  gela- 
tinous substance  of  the  core  may  show  through  as  a  grey  ridge. 

The  so-called  limbic  lobe  (a  name  introduced  by  Broca  in  1878)  consists  of  the 
structures  which  may  be  considered  as  comprising  the  posterior  portion  of  the 
rhinencephalon.  It  takes  part  in  both  the  medial  and  tentorial  surfaces  of  the 
hemisphere.    Seen  from  the  medial  surface,  it  forms  an  irregular  elliptical  figure 
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which  encloses  the  corpus  callosum  and  the  extremities  of  which  approach  each 
other  at  the  anterior  perforated  substance,  where  they  are  continuous  with  the 
structures  of  the  anterior  portion  of  the  rhinencephalon.  The  figure  is  bounded  ex- 
ternally by  the  sulcus  cinguli  above,  by  the  subparietal  sulcus  (postlimbic  sulcus) 
and  the  anterior  limb  of  the  calcarine  fissure  behind,  and  by  the  collateral  fissure 
below.  These  respectively  separate  it  from  the  frontal,  parietal,  occipital,  and 
temporal  lobes.  It  comprises  the  following  structures  which  are  either  wholly  or  in 
part  devoted  to  the  functions  of  the  olfactory  apparatus: — 

Gyrus  cinguli  (cingulum). 
Isthmus  of  the  gyrus  fornicatus. 

! hippocampal  gyrus, 
dentate  fascia, 
fimbria. 

2.  The  medial  and  lateral  longitudinal  striae  upon  the  corpus  callosum. 

3.  The  fornix. 

4.  The  corpus  mammillare  and  thalamo-mammillary  fasciculus  to  the  anterior 

nucleus  of  the  thalamus. 

5.  Part  of  anterior  cerebral  commissure. 

6.  Part  of  septum  pellucidum. 


1.  Gyrus  fornicatus 


Fig.  628. — Diagram  showing  Position  of  Structures  Comprising  the  Limbic  Lobe  as 
Seen  from  the  Mesial  Aspect  of  the  Cerebral  Hemisphere. 
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The  gyrus  fornicatus  comprises  the  greater  mass  of  the  limbic  lobe.  As  seen 
above,  it  is  a  term  used  to  collectively  represent  a  number  of  conjoined  structures. 
Being  an  incomplete  ellipse  in  form,  its  two  ends  are  united  to  form  a  closed  ring 
by  means  of  the  connection  of  the  parolfactory  area  with  the  gyrus  cinguli  and  the 
connection  of  the  anterior  perforated  substance  with  the  uncus  of  the  hippocampal 
gyrus.    It  is  best  described  in  terms  of  its  component  parts. 

The  gyrus  cinguli  begins  in  junction  with  the  area  parolfactoria  below  the  anterior 
end  of  the  corpus  callosum,  and  curves  above  so  as  to  entirely  embrace  the  upper 
surface  of  the  latter.  It  is  separated  from  the  frontal  lobe  by  the  sulcus  cinguli 
(calloso-marginal  fissure),  from  the  parietal  lobe  by  the  subparietal  sulcus,  and  from 
the  corpus  callosum  below  by  the  sulcus  of  the  corpus  callosum.  By  the  latter 
it  is  separated  from  the  longitudinal  strise  of  the  upper  surface  of  the  corpus  callosum. 
The  gyrus  cinguli  covers  over,  and  its  cells  are  closely  associated  with,  the  cingulum, 
a  well-marked  band  of  white  substance,  which  follows  the  gyrus  backwards  to  turn 
around  the  splenium  of  the  corpus  callosum,  and  then  course  forwards  into  the  hippo- 
campal gyrus  to  the  uncus.  The  cingulum  is  largely  recruited  from  the  medial 
olfactory  stria  and  from  fibres  arising  in  the  parolfactory  area  and  the  anterior  per- 
forated substance. 

The  isthmus  of  the  gyrus  fornicatus  is  the  constricted  portion  connecting  the 
posterior  end  of  the  gyrus  cinguli  with  that  of  the  hippocampal  gyrus  (fig.  619).    It  is 
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bounded  externally  by  the  anterior  end  of  the  calcarine  fissure,  and  is  associated 
with  the  forward  turn  of  the  cingulum. 

The  hippocampus  is  the  name  applied  to  the  curved  appearances  produced  in 
the  floor  of  the  lateral  ventricle  by  the  peculiar  foldings  of  this  part  of  the  cerebral 
cortex.  The  hippocampcd  gyrus  is  the  main  gyrus  of  the  tentorial  surface  of  the 
limbic  lobe.  Externally  it  is  separated  from  the  fusiform  gyrus  by  the  collateral 
fissure,  and  it  is  bounded  internally  by  the  hippocampal  or  dentate  fissure.  Poste- 
riorly it  is  partially  divided  by  the  calcarine  fissure  into  the  lingual  gyrus  (of  the  tempo- 
ral lobe)  and  the  isthmus  of  the  gyrus  fornicatus.  Its  anterior  extremity  is  hooked 
backwards  and  is  known  as  the  uncus.  This  is  almost  entirely  separated  from  the 
temporal  lobe  by  a  groove,  the  temporal  notch.  If  the  hippocampal  fissure  be  opened 
up,  the  dentate  fascia  or  gyrus  and  the  fimbria  will  be  seen.  These  lie  side  by  side, 
separated  by  the  shallow  fimbrio-dentate  sulcus.  The  free  edge  of  the  dentate 
gyrus  presents  a  peculiarly  notched  appearance,  produced  by  numerous  parallel 
grooves  cutting  it  transversely.  Its  posterior  end,  sometimes  called  the  fasciola 
cinerea,  continues  backwards  over  the  splenium  of  the  corpus  callosum,  and  upon  the 
upper  surface  of  the  corpus  callosum  appears  as  a  thin  strip  of  grey  substance  which 
contains  embedded  in  it  the  medial  and  lateral  longitudinal  strice.  This  thin  strip 
is  sometimes  called  the  supracallosal  gyrus,  and  is  thought  to  represent  a  vestigial 
part  of  the  hippocampal  gyrus.  The  fimbria  is  but  the  fimbriated,  free  border  of  the 
posterior  or  end  of  origin  of  the  fornix,  so  folded  as  to  project  into  the  hippocampal 
fissure,  parallel  with  the  dentate  fascia.  It  is  a  conspicuous  band  composed  almost 
entirely  of  white  substance,  continuous  laterally  with  the  thick  stratum  covering 
the  ventricular  surface  of  the  hippocampus.  It  begins  anteriorly  in  the  hook  or 
recurved  extremity  of  the  uncus.  Traced  backwards,  it  is  seen  to  curve  upwards,  and 
within  the  ventricle  it  becomes  part  of  the  general  accumulation  of  the  white  sub- 
stance (alveus)  of  the  surface  of  the  hippocampus,  which  accumulation  is  the  be- 
ginning of  the  fornix.  The  free  border  of  the  fimbria  (seen  in  section)  is  known  as 
the  taenia  -fimbria;.  The  fimbria  is  separated  from  the  cerebral  peduncles  by  the 
chorioid  fissure,  the  thin,  non-nervous  floor  of  which  alone  intervenes  between  the 
exterior  of  the  brain  and  the  cavity  of  the  lateral  ventricle. 

The  hippocampal  fissure  attains  its  greatest  depth  between  the  dentate  fascia  and 
the  hippocampal  gyrus,  and  the  resulting  eminence  produced  in  the  floor  of  the  lateral 
ventricle  is  known  as  the  hippocampus  major,  as  distinguished  from  the  lesser 
eminence  produced  posteriorly  by  the  end  of  the  calcarine  fissure  and  known  as  the 
hippocampus  minor  (calcar  avis).  The  collateral  fissure  may  likewise  produce  a 
bulging  in  the  wall  of  the  ventricle,  the  collateral  eminence.  In  transverse  sections  of 
the  hippocampus  major,  the  layers  of  grey  and  white  substance  .present  a  coiled  ap- 
pearance known  as  the  cornu  ammonis.  Externally  the  medial  surface  of  the 
hippocampal  gyrus  adjoining  the  dentate  fascia  has  reflected  over  it  a  delicate  re- 
ticular layer  of  white  substance  known  as  the  substantia  reticularis  alba  (Arnoldi). 

The  fornix  is  the  great  association  pathway  of  the  limbic  lobe,  and  is  largely 
concerned  in  the  apparatus  of  the  rhinencephalon.  It  is  a  bilateral  structure  arched 
beneath  the  corpus  callosum,  with  which  it  is  connected  anteriorly  by  the  septum 
pellucidum.  Posteriorly  it  passes  in  contact  with  the  splenium.  It  consists  of  two 
prominent  strips  of  white  substance,  one  for  each  hemisphere,  the  ends  of  which  are 
separate  from  each  other,  while  their  intermediate  parts  are  fused  across  the  mid-line. 
These  run  above  the  tela  chorioidea  of  the  third  ventricle,  and  their  lateral  edges' 
(taeniae  fornicis)  rest,  on  each  side,  along  the  line  of  the  taenia  chorioidea.  The 
posterior,  separate  ends  are  known  as  the  posterior  pillars  or  crura  of  the  fornix ;  the 
fused,  intermediate  portion  is  the  body,  and  the  separate,  anterior  ends  are  the  an- 
terior pillars  or  columns  of  the  fornix. 

The  posterior  pillars  or  crura  of  the  fornix. — When  seen  from  the  medial 
aspect  of  the  hemisphere,  the  fused  portion  of  the  fornix,  in  the  separation  of  the 
hemispheres,  is  split  along  the  mid-line  (fig.  619).  The  half  under  examination  may 
be  seen  to  course  obliquely  outwards  under  the  splenium  of  the  corpus  callosum, 
and  then,  continuous  with  the  fimbria,  to  curve  forwards  and  downwards  towards 
the  uncus.  The  greater  mass  of  the  fibres  coursing  in  the  fornix  arise  as  outgrowths 
of  the  cells  of  the  uncus,  hippocampal  gyrus,  and  dentate  fascia.  They  accumulate  as 
a  dense  stratum  on  the  ventricular  surface  of  these  gyri,  termed  the  alveus,  which 
crops  outwards  as  the  fimbria  and  which  passes  backwards  and  upwards ;  upon  reach- 
ing the  region  of  the  splenium  it  turns  obliquely  forwards  under  it  and  approaches  the 
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mid-line,  to  fuse  with  the  like  bundle  from  the  hippocampal  gyri  of  the  opposite  side. 
The  bundles  thus  arising  from  the  two  sides  are  the  posterior  pillars  or  crura  of  the 
fornix.  They  appear  as  two  flattened  bands  of  white  substance  which  come  in  close 
contact  with  and  even  adhere  to  the  splenium. 

The  angle  formed  by  the  mutual  approach  of  the  posterior  pillars  of  the  fornix  is 
crossed  by  a  lamina  of  commissural  fibres  connecting  the  hippocampal  gyri  of  the 
two  hemispheres  (fig.  631).  This  lamina  is  the  hippocampal  commissure  (psalterium 
or  lyra),  and  being  of  a  different  functional  direction,  should  not  be  considered  a 
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Fig.  629. — Diagram  showing  Fornix  and  its  Connections  as  seen  from  Above. 
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part  of  the  fornix.  Usually  the  hippocampal  commissure  and  the  posterior  crura 
are  in  close  contact  with  the  under  surface  of  the  splenium.  When  occasionally 
they  do  not  adhere,  the  space  between  is  known  as  Verga's  ventricle. 

The  body  of  the  fornix  appears  as  a  triangular  plate  of  white  substance  produced 
by  the  fusion  of  the  pillars.  Its  base  or  widest  portion  is  behind.  It  is  not  always 
bilaterally  symmetrical.  Its  upper  surface  is  attached  by  the  septum  pellucidum  to 
the  under  surface  of  the  corpus  callosum.  Below,  it  lies  over  the  tela  chorioidea  of 
the  third  ventricle,  which  separates  it  mesially  from  the  cavity  of  the  third  ventricle 

Fig.  630. — Diagram  of  Course  of  Fornix  as  viewed  from  the  Side. 


ANTERIOR  COLUMN 


OLFACTOR  Y  B  ULB  ff 
CORPUS  MAMMILLARE 


SUBCALLOSAL  GYRUS 


POSTERIOR  PILLAR 


STRIA  TERMINA  LIS 
OF  THALAMUS 

HIPPOCAMPUS  MAJOR 
FIMBRIA  OF  HIPPO- 
CAMPUS 
AMYGDALOID 
NUCLEUS 

DIGITA  TIONS  (PES)  OF 
THE  HIPPOCAMPUS 

UNCUS 


and  laterally  from  the  upper  surfaces  of  the  thalami.  Its  sharp  lateral  edge  or  mar- 
gin (taenia  fornicis)  projects  into  the  lateral  ventricle  of  either  side  in  relation  with 
the  chorioid  plexus  of  that  ventricle,  and  thus  the  lateral  portion  of  its  upper  surface 
forms  part  of  the  floor  of  the  lateral  ventricle— an  arrangement  to  be  expected,  since 
the  posterior  pillars  arise  from  the  floor  of  the  ventricle,  viz.,  the  hippocampus.  The 
ventricular  portion  is  covered  by  a  layer  of  ependyma  in  common  with  that  lining  the 
rest  of  the  ventricle. 
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The  anterior  columns  or  pillars  of  the  fornix  are  two  separate,  cylindrical 
bundles  which  pass  forwards  from  the  apex  of  the  body  of  the  fornix  and  then  turn 
sharply  downwards  along  the  anterior  boundary  of  the  third  ventricle,  just  behind  the 
anterior  cerebral  commissure.  A  part  of  each  column,  the  free  portion,  forms  the 
anterior  boundary  of  the  interventricular  foramen  (Monroi).  Thence  it  sinks  into 
the  grey  substance  of  the  lateral  wall  of  the  third  ventricle  (the  covered  portion),  and 
passes  ventralwards  to  the  base  of  the  brain,  where  it  appears  on  the  exterior  as  the 
corpus  mammillare  (fig.  619).  Some  of  its  fibres  are  interrupted  in  the  nuclei  of  the 
corpus  mammillare,  chiefly  in  its  lateral  nucleus;  probably  most  of  them  merely 
double  back,  forming  a  genu.    From  the  corpus  mammillare  the  fibres  are  disposed  in 


Fig.  631. — Horizontal  Section  of  Telencephalon  showing  Body  of  Fornix  as  seen  from 
Below  and  the  Anterior  Commissure  in  Section.  (After  Toldt,  "  Atlas  of  Human 
Anatomy,"  Rebman,  London  and  New  York.) 
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at  least  three  ways: — (1)  The  greater  part  perhaps  pass  directly  upwards  and  are  lost 
in  the  anterior  nucleus  of  the  thalamus,  where  they  ramify  freely  and  terminate  among 
its  cells.  These  fibres  form  the  bundle  known  as  the  thalamo-mammillary  fascicu- 
lus, or  bundle  of  Vicq  d'Azyr;  (2)  a  portion  of  the  fibres  join  the  cerebral  peduncle 
near  by  as  the  pedunculo-mammillary  fasciculus,  and  pass  caudalwards.  The 
destination  of  these  is  still  obscure.  Probably  they  go  to  the  interpeduncular 
ganglion,  the  red  nucleus,  and  the  nuclei  of  the  medulla  oblongata;  (3)  a  portion 
of  the  fibres  decussate  in  the  basal  or  dorsal  parts  of  the  corpora  mammillaria  and  are 
distributed  to  both  the  thalamus  and  cerebral  peduncle  of  the  opposite  side. 
54 
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The  fornix  proper  is  composed  of  longitudinally  directed  fibres,  some  of  which,  however, 
cross  the  mid-line  in  the  region  of  its  body  and  course  in  the  columns  of  the  opposite  side.  For 
the  greater  part,  its  fibres  rise  from  the  cells  of  the  hippocampal  gyri,  but  it  is  known  to  contain 
some  fibres  which  arise  in  the  structures  of  the  olfactory  lobe  proper  and  course  through  the 
fornix  to  the  hippocampal  gyri. 

The  anterior  cerebral  commissure  is  only  in  part  concerned  in  the  rhinenceph- 
alon;  it  consists  in  greater  part  of  commissural  fibres  connecting  the  two  temporal 
lobes.  It  forms  one  of  the  three  commissures  of  the  telencephalon,  the  other  two 
being  the  corpus  callosum  and  the  hippocampal  commissure.  It  is  a  bundle  of 
white  substance  with  a  slightly  twisted  appearance,  which  crosses  the  mid-line  in  the 
anterior  boundary  of  the  third  ventricle  between  the  lamina  terminalis  and  the  ante- 
rior columns  of  the  fornix  (fig.  619),  just  below  the  interventricular  foramen  (fora- 
mina of  Monro).  In  each  hemisphere  its  main  or  temporal  portion  passes  out- 
wards and  slightly  backwards  beneath  the  head  of  the  caudate  nucleus  and  through 
the  anterior  end  of  the  lenticular  nucleus,  and  thence  is  dispersed  to  the  grey  sub- 
stance of  the  temporal  lobe.  It  contains  fibres  both  to  and  from  the  temporal  lobe 
of  each  side.  In  addition  to  these  fibres  the  anterior  commissure  carries  in  its  frontal 
side  two  sets  of  fibres  belonging  to  the  olfactory  apparatus: — (1)  fibres  arising  in  the 
olfactory  bulb  of  one  side,  which  pass  by  way  of  the  medial  olfactory  stria?  through 
it  to  the  olfactory  bulb  of  the  opposite  side ;  (2)  fibres  which  pass  through  it  from  the 
medial  stria  (olfactory  bulb)  of  one  side  to  the  uncus  of  the  opposite  side. 

The  anterior  commissure  is  a  more  primitive  commissure  than  the  corpus  callosum,  in  that 
it  is  present  in  the  lower  forms  when  the  latter  is  absent,  and  diminishes  in  relative  size  and 
importance  as  the  corpus  callosum  appears  and  increases  in  size.  In  man  the  appearance  of  the 
anterior  commissure  precedes  but  little  that  of  the  corpus  callosum.  During  the  fifth  month 
the  lamina  terminalis,  which  then  alone  unites  the  anterior  ends  of  the  two  hemispheres,  developes 
a  thickening  of  its  dorsal  portion.  In  a  part  of  this  thickening,  transverse  fibres  begin  to  appear 
and  their  increase  in  number  results  in  the  partial  separation  posteriorly  of  the  part  containing 
them  from  the  rest  of  the  lamina,  and  then  follows  the  differentiation  of  this  part  into  the  anterior 
commissure.  The  remainder  of  the  thickening  of  the  lamina  continues  to  increase  in  size  with 
the  increase  of  the  hemispheres;  its  upper  edge  is  directed  posteriorly,  and  fibres  begin  to  appear 
in  it  which  arise  in  the  cortex  of  one  side  and  cross  over  to  that  of  the  other  side.  These  fibres 
form  the  corpus  callosum. 

The  corpus  callosum,  a  development  of  fibres  in  the  upper,  expanded  portion  of  the  lamina 
terminalis,  thus  bridges  over  a  portion  of  the  longitudinal  fissure  between  the  hemispheres.  In 
the  mean  time,  the  fornix  arises  as  two  bundles  of  fibres,  one  from  the  hippocampus  of  each  side. 
In  the  complex  mechanics  of  the  development  of  the  cerebrum  these  two  bundles  approach  each 
other  under  the  corpus  callosum,  fuse  for  a  certain  distance,  and  together  arch  over  the  cavity  of 
the  third  ventricle  and  come  to  acquire  their  adult  position.  There  results  from  these  processes  of 
growth  a  completely  enclosed  space,  a  portion  of  the  longitudinal  fissure,  the  roof  of  which  is  the 
corpus  callosum,  its  floor,  the  body  of  the  fornix,  and  its  lateral  walls,  portions  of  the  mesial 
surfaces  of  the  two  cerebral  hemispheres.  The  lateral  walls  of  this  space  do  not  thicken  as  do 
the  other  regions  of  the  pallium,  but  remain  thin  and  constitute  the  septum  pellucidum  of  the 
adult,  the  space  itself  being  the  so-called  fifth  ventricle  or  cavity  of  the  septum  pellucidum. 

The  septum  pellucidum  is  a  thin,  approximately  triangular,  vertically  placed 
partition  which  separates  the  anterior  portions  of  the  two  lateral  ventricles  from  each 
other.  Its  widest  portion  lies  in  front,  bounded  by  the  genu  and  rostrum  of  the  cor- 
pus callosum,  the  rostral  lamina,  and  the  anterior  columns  of  the  fornix,  to  all  of  which 
it  is  attached.  Prolonged  backwards  under  the  body  of  the  corpus  callosum,  it  nar- 
rows rapidly  and  terminates  at  the  line  of  adherence  between  the  posterior  portion 
of  the  fornix  and  the  splenium  of  the  corpus  callosum.  It  consists  of  two  thin  layers, 
the  lamina?  of  the  septum  pellucidum,  arrested  developments  of  portions  of  the  pal- 
lium of  the  hemispheres.  The  lamina?  enclose  a  narrow  median  cavity  known  as  the 
fifth  ventricle  (cavity  of  the  septum  pellucidum) .  This  cavity  is  of  very  variable  size, 
is  completely  closed,  and  does  not  merit  the  term  'ventricle,'  as  applied  to  the 
other  cavities  of  the  brain,  in  that  it  has  no  communication  with  the  ventricular 
system  and  has  a  different  lining  from  the  other  ventricles. 

Each  lamina  of  the  septum  pellucidum  consists  of  a  layer  of  degenerated  grey  substance  next 
to  the  fifth  ventricle  and  a  layer  of  white  substance  next  to  the  lateral  ventricle,  the  latter  covered 
by  a  layer  of  ependyma  common  to  that  ventricle.  The  white  substance  consists  in  part  of  fibres 
belonging  to  the  general  association  systems  of  the  hemispheres,  and  in  part  of  two  varieties 
of  fibres  concerned  with  the  rhinencephalon : — (1)  fibres  from  each  medial  olfactory  stria  are 
known  to  reach  the  septum  pellucidum  and  thence  go  by  way  of  the  fornix  to  the  hippocampus 
major;  (2)  fibres  are  thought  to  be  contributed  by  the  fornix  to  the  septum  pellucidum,  and 
through  it  reach  the  subcallosal  gyrus  and  perhaps  the  parolfactory  area  and  even  the  olfactory 
bulb. 
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Two  of  the  four  cavities  of  the  ventricular  system  of  the  brain  are  in  the 
telencephalon.  Form  their  position,  one  in  each  cerebral  hemisphere,  they 
are  known' as  the  lateral  ventricles.  They  arise  as  lateral  dilations  of  the  cavity 
of  the  anterior  of  the  primary  vesicles,  and,  just  as  the  fourth  ventricle  remains 
in  communication  with  the  third  by  way  of  the  aquaeductus  cerebri,  so  the  lateral 
are  connected  with  the  third  by  the  two  interventricular  foramina  (Monroi).  The 
whole  ventricular  system,  including  the  central  canal  of  the  spinal  cord,  is  lined 

Fig.  632. — A  Cast  of  the  Four  Ventricles  of  the  Encephalon.    (After  Welcker.) 
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by  a  continuous  layer  of  ependyma  and  contains  a  small  quantity  of  lymph  known 
as  the  cerebrospinal  fluid. 

Each  lateral  ventricle  is  of  an  irregular,  horseshoe  shape.  It  consists  of  a  central 
portion  or  body  and  three  cornua,  which  correspond  to  the  three  poles  of  the  hemi- 
sphere. The  portion  projecting  into  the  frontal  lobe  is  known  as  the  anterior  cornu, 
that  projecting  into  the  occipital  lobe  is  the  posterior  cornu,  and  the  portion  which 
sweeps  downwards  into  the  temporal  lobe  is  the  inferior  cornu.    The  ventricles  of  dif- 

Fig.  633. — Diagram  of  Sagittal  Section  through  Lateral  Part  of  Right  Hemisphere 
showing  Lateral  Ventricle  from  the  Outer  Side. 


CHORIOID  PLEXUS  OF  INFERIOR  CORNU  ANTERIOR  COMMISSURE 

ferent  individuals  vary  considerably  in  capacity,  and  the  cavity  of  a  given  ventricle 
is  not  uniform  throughout.  In  some  localities  the  space  may  be  quite  appreciable, 
while  in  other  places  the  walls  may  be  approximate  or  even  in  apposition.  Each 
lateral  ventricle  is  a  completely  closed  cavity  except  at  the  interventricular  foramen. 
However,  a  strip  of  the  floor  of  the  inferior  cornu  is  separated  from  the  exterior  of 
the  brain  by  only  the  thin,  non-nervous  lamina  forming  the  floor  of  the  chorioid  fissure. 
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The  interventricular  foramen  (foramen  of  Monro),  by  which  the  lateral  ven- 
tricle is  continuous  with  the  cavity  of  the  third  ventricle,  is  a  small,  roundish  channel, 
2  to  4  mm.  wide,  which  opens  into  the  mesial  side  of  the  posterior  end  of  the  anterior 
cornu.  It  is  bounded  in  front  by  the  free  portion  of  the  anterior  pillars  of  the  fornix, 
and  behind  by  the  anterior  tubercle  of  the  thalamus.  That  the  greater  part  of  the 
lateral  ventricle  is  posterior  to  it  is  due  to  the  backward  extension  of  the  hemispheres 
during  their  growth  and  elaboration.  Through  the  two  foramina  indirectly,  the 
cavities  of  the  two  lateral  ventricles  are  in  communication  with  each  other. 

The  walls  of  the  lateral  ventricle. — The  anterior  cornu  is  a  bowl-like  cavity, 
convex  forwards  and  extending  upwards  and  medianwards  into  the  frontal  lobe. 


Fig.  634. — Horizontal  Dissection  of  the  Cerebral  Hemispheres. 

The  fornix  has  been  removed  to  show  the  relation  of  the  tela  chorioidea  of  the  third  ventricle 
to  the  chorioid  plexus  of  the  lateral  ventricles.  (From  a  mounted  specimen  in  the  Anatomical 
Department  of  Trinity  College,  Dublin.) 
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Above  and  anteriorly  it  is  bounded  by  the  under  surface  of  the  corpus  callosum  and 
the  radiations  of  its  genu  into  the  substance  of  the  frontal  lobe.  Its  median  boundary 
is  the  septum  pellucidum;  the  head  of  the  caudate  nucleus  (part  of  the  corpus 
striatum)  gives  it  a  bulging,  ventro-lateral  wall,  and  the  balance  of  its  floor  is  formed 
by  the  white  substance  of  the  orbital  part  of  the  frontal  lobe. 

The  body  or  central  portion  is  more  nearly  horizontal.  It  lies  within  the 
parietal  lobe  and  extends  from  the  interventricular  foramen  to  the  level  of  the 
splenium  of  the  corpus  callosum.  Its  roof  is  formed  by  the  inferior  surface  of  the 
body  of  the  corpus  callosum,  and  its  mesial  wall  consists  of  the  posterior  part  of  the 
septum  pellucidum,  attaching  the  fornix  to  the  under  surface  of  the  corpus  callosum. 
Like  the  anterior  horn,  it  is  given  an  oblique,  ventro-lateral  wall  by  the  narrower, 
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middle  part  of  the  caudate  nucleus.  Several  structures  contribute  to  its  floor: — 
(1)  the  stria  terminalis  of  the  thalamus,  a  line  of  white  substance  conforming  to  the 
genu  of  the  internal  capsule  without,  and  constituting  the  boundary  between  the 
caudate  nucleus  and  the  thalamus,  and  containing  (2)  the  vena  terminalis  (vein  of  the 
corpus  striatum) ;  (3)  the  lamina  affixa,  a  medial  continuation  of  the  stria  terminalis 
upon  the  surface  of  (4)  the  lateral  part  of  the  thalamus;  (5)  the  medial  edge  of  the 
lamina  affixa,  the  taenia  chorioidea,  and  the  chorioid  plexus  continuing  under  (6)  the 
edge  (taenia)  of  the  body  and  the  beginning  posterior  pillars  of  the  fornix. 

The  chorioid  plexus  of  the  lateral  ventricle  is  continuous  with  that  of  the  third 
ventricle.  The  tela  chorioidea  of  the  third  ventricle  (velum  interpositum)  con- 
tinues under  the  taenia  of  the  fornix  into  the  lateral  ventricle,  and  there,  along  the  line 
of  the  taenia  chorioidea,  becomes  elaborated  into  a  varicose,  convoluted,  villus-like 
fringe,  rich  in  venous  capillaries  and  lymphatics.  This  fringe  is  the  chorioid  plexus. 
It  is  continuous  in  front,  at  the  interventricular  foramen,  with  the  corresponding 
plexus  of  the  opposite  lateral  ventricle  and  with  the  chorioid  plexus  of  the  third 

Fig.  635. — Diagrammatic  Transverse  Section  of  Prosencephalon  through  Bodies  of 
Lateral  Ventricles  and  Middle  of  Thalamencephalon. 

FIFTH  VENTRICLE  FORNIX 


ventricle.  The  latter  consists  of  two  similar  but  smaller  fringes,  which  project  close 
together  into  the  cavity  of  the  third  ventricle  from  the  median  portion  of  the  under 
surface  of  the  tela  chorioidea.  Behind,  the  chorioid  plexus  of  the  lateral  ventricle 
curves  backwards  and  downwards  into  the  inferior  cornu,  being  especially  well- 
developed  at  the  region  of  its  entrance  into  the  latter,  into  what  is  called  the  glomus 
chorioideum.  Though  apparently  lying  free  in  the  ventricle,  the  chorioid  plexus  is 
invested  throughout  by  a  layer  of  epithelium,  the  epithelial  chorioid  lamina, 
which  is  adapted  to  all  its  unevennesses  of  surface  and  which  is  a  continuation  of  the 
ependymal  lining  of  the  remainder  of  the  ventricle, — continuous,  on  the  one  hand, 
with  that  of  the  lamina  affixa  and  thalamus,  and,  on  the  other,  with  the  epithelial 
covering  upon  the  upper  surface  of  the  taenia  fornicis  and  fimbria. 

The  posterior  cornu  of  the  lateral  ventricle  is  a  crescentic  cleft  of  variable  length, 
convex  outwards,  which  is  carried  backwards  from  the  posterior  end  of  the  body  of  the 
ventricle  and,  curving  medianwards,  comes  to  a  point  in  the  occipital  lobe.  Its  roof 
and  lateral  wall  are  formed  by  a  portion  of  the  posterior  radiation  of  the  corpus  cal- 
losum,  which  forms  a  layer,  from  its  appearance  known  as  the  tapetum.    In  trans- 


854 


THE  NERVOUS  SYSTEM 


verse  sections  of  the  occipital  lobe  (fig.  643)  the  tapetum  appears  as  a  thin  lamina  of 
obliquely  cut  white  substance  immediately  bounding  the  cavity,  while  outside  the 
tapetum  occurs  a  thicker  layer  of  more  transversely  cut  fibres,  the  occipito-thalamic 
radiation.  In  the  medial  or  inner  wall  of  the  posterior  horn  run  two  variable  longi- 
tudinal eminences:— (1)  The  superior  of  these  is  the  bulb  of  the  posterior  cornu, 
and  is  formed  by  the  occipital  portion  of  the  radiation  of  the  corpus  callosum  (sple- 
nium),  which  bends  around  the  impression  of  the  deep  parieto-occipital  fissure,  and, 
hook-like,  sweeps  into  the  occipital  lobe.  In  horizontal  sections  these  fibres,  together 
with  the  splenium  and  the  similar  fibres  into  the  opposite  occipital  lobe,  form  the  figure 
known  as  the  forceps  major.  (2)  The  inferior  and  thicker  of  the  eminences  is  the 
hippocampus  minor  or  calcar  avis  (cock's  spur),  and  is  due  to  the  anterior  part  of 
the  calcarine  fissure,  by  which  the  wall  of  the  hemisphere  is  projected  into  the  ven- 
tricle.   The  posterior  horn,  like  the  anterior,  is  not  entered  by  the  chorioid  plexus. 

The  inferior  cornu. — In  its  inferior  and  slightly  lateral  origin  from  the  region 
of  junction  between  the  body  of  the  ventricle  and  the  posterior  cornu,  the  inferior 
horn  aids  in  producing  a  somewhat  triangular  dilation  of  the  cavity  known  as  the 
collateral  trigone.  Beginning  as  a  part  of  the  trigone,  the  cavity  of  this  horn  at 
first  passes  backwards  and  lateralwards,  but  then  suddenly  curves  downwards  and  for- 

Fig.  636. — Dissection  of  Right  Temporal  Lobe  showing  the  Medial  Wall  of  the  End 
of  the  Inferior  Horn  of  the  Lateral  Ventricle.    (From  Spalteholz.) 
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wards  into  the  medial  part  of  the  temporal  lobe  nearly  parallel  with  the  superior  tem- 
poral sulcus.  Above,  it  follows  the  curve  of  the  posterior  pillars  of  the  fornix  and 
fimbria;  below,  it  does  not  extend  to  the  frontal  pole  by  from  2  to  3  cm.  The  roof 
and  lateral  wall  are,  for  the  most  part,  like  those  of  the  posterior  horn,  being  formed 
by  the  tapetum,  but  medianwards  a  strip  of  the  roof  is  formed  by  the  attenuated,  infe- 
rior prolongation,  or  tail,  of  the  caudate  nucleus,  together  with  the  lower  part  of  the 
stria  terminalis  of  the  thalamus.  At  the  end  of  the  inferior  horn  the  roof  shows  a 
bulging,  the  amygdaloid  tubercle,  situated  at  the  termination  of  the  tail  of  the  cau- 
date nucleus.  This  bulging  is  produced  by  the  amygdaloid  nucleus,  an  accumulation 
of  grey  substance  continuous  with  that  of  the  cortex  of  the  temporal  lobe,  and  which 
gives  origin  to  the  greater  part  of  the  longitudinal  fibres  coursing  in  the  stria  termi- 
nalis of  the  thalamus. 

In  the  medial  wall  and  floor  of  the  inferior  horn  the  following  structures  are 
shown  :-■ — (1)  In  the  posterior  or  trigonal  part  of  the  floor  is  the  longitudinal  col- 
lateral eminence,  a  bulging,  very  variable  in  development  in  different  specimens,  pro- 
duced by  the  collateral  fissure.  This  is  often  pronouncedly  in  two  parts,  a  posterior 
prominence  corresponding  to  the  middle  portion  of  the  collateral  fissure  and  an  anterior 
prominence  (less  frequent)  produced  by  the  anterior  part  of  the  fissure.  (2)  Medial 
to  this  eminence  lies  the  inferior  extension  of  the  chorioid  plexus,  usually  more  vol- 
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uminous  than  the  part  in  the  body  of  the  ventricle.  (3)  Partly  covered  by  the 
chorioid  plexus  is  the  hippocampus  major,  a  prominent,  sickle-like  ridge  correspond- 
ing to  the  indentation  of  the  hippocampal  fissure.  It  begins  as  a  narrow  ridge  behind, 
at  the  end  of  the  body  of  the  ventricle,  as  the  extension  of  the  posterior  pillar  of  the 
fornix,  and  expands  in  front  as  the  ventricular  surface  of  the  uncus.  Its  surface  is  not 
regular,  but  shows  a  concave  medial  margin  as  distinguished  from  a  wider,  convex, 
lateral  surface.  Its  termination  in  front  (pes  hippocampi)  is  divided  by  two  or  three 
flat,  radial  grooves  into  a  corresponding  number  of  short  elevations  known  as  the  hip- 
pocampal digitations.    It  is  covered  by  a  thick  stratum  of  white  substance,  the 


Fig.  637. — Diagrams  op  Lateral  View  and  Sections  of  the  Nuclei  of  the  Corpus  Stria- 
tum with  the  Internal  Capsule  Omitted. 
A  and  B  below  represent  horizontal  sections  along  the  lines  A  and  B  in  the  figure  above. 
The  figure  also  shows  the  relative  position  of  the  thalamus  and  the  amygdaloid  nucleus. 
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alveus,  arising  from  its  depths  and  continued  mesially  into  the  fimbria.  (4)  The 
fimbria  is  so  folded  that  its  margin,  taenia  fimbriae,  lies  in  the  cavity  of  the  inferior 
horn  attached  to  the  chorioid  plexus  and  the  thin,  non-nervous  floor  of  the  chorioid 
fissure. 

The  caudate  nucleus. — As  realised  in  the  study  of  the  lateral  ventricle,  the  cau- 
date nucleus  is  a  comma-shaped  mass  of  grey  substance  with  a  long,  much-curved, 
and  attenuated  tail.  Its  head  forms  the  bulging  lateral  wall  of  the  anterior  horn; 
thence  it  proceeds  backwards  in  the  lateral  wall  of  the  body  of  the  ventricle  and,  at 
the  collateral  trigone,  curves  downwards  and  its  tail  becomes  a  median  portion  of  the 
roof  of  the  inferior  horn.    It  is  separated  from  the  thalamus  adjacent  to  it  by  the  stria 
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terminalis  of  the  thalamus  (taenia  semicircularis) .  The  end  of  its  tail  extends  for- 
wards below  to  the  level  of  the  anterior  horn  of  the  ventricle  above.  Owing  to  its 
much  curved  shape,  both  horizontal  and  vertical  sections  of  the  hemisphere  passing 
through  the  inferior  horn  may  contain  the  nucleus  cut  at  two  places  (see  fig.  640). 
The  caudate  nucleus  is  the  intraventricular  of  the  two  masses  of  grey  substance  which 
together  are  sometimes  referred  to  as  the  basal  ganglia.  The  extra  ventricular  of  these 
masses  is  the  lenticular  nucleus,  which  is  buried  in  the  substance  of  the  hemisphere, 
laterally  and  below  the  caudate  nucleus.  The  two  masses  are  separated  by  the  inter- 
nal capsule,  a  thick  band  of  nerve-fibres  continuous  into  the  cerebral  peduncles,  and 
connecting  the  grey  cortex  of  the  hemisphere  with  the  structures  below  it.  Anteriorly 
and  below,  the  two  nuclei  become  continuous  and  the  white  substance  of  the  internal 
capsule,  in  separating  them  posteriorly,  contributes  to  their  striated  appearance  in 
sections,  whence  they  are  known  collectively  as  the  corpus  striatum  (figs.  638  and  641). 
The  corpus  striatum  as  such  is  described  below. 

Internal  structure  of  the  prosencephalon.— From  the  above  examinations  of 
their  external  and  ventricular-  surfaces,  it  is  apparent  that  the  cerebral  hemi- 
spheres consist  of  a  folded,  external  coating  of  grey  substance,  the  cortex  cerebri, 
spread  more  or  less  evenly  over  an  internal  mass  of  white  substance  which  contains 
embedded  within  it  certain  masses  of  grey  substance,  the  chief  of  which  are  known 
as  the  basal  ganglia  or  the  caudate  and  lenticular  nuclei  of  the  corpus  striatum.  In 
addition,  the  hemispheres  of  the  telencephalon  overlie  and  are  in  functional  connec- 
tion with  the  structures  of  the  diencephalon  below,  the  chief  of  which  are  the  thala- 
mencephalon  and  the  cerebral  peduncles. 

The  grey  substance  of  the  telencephalon. — The  grey  substance  is  in  intimate 
relation  with  the  white  substance,  and  in  fact  its  cells  give  origin  to  the  greater 
part  of  the  fibres -composing  the  white  substance.  The  accumulations  of  grey  sub- 
stance to  be  considered  are  the  cerebral  cortex,  with  its  variations  in  thickness  and 
arrangement,  the  corpus  striatum,  the  claustrum,  and  the  amygdaloid  nucleus. 

The  cerebral  cortex  is  distributed  over  the  entire  surface  of  each  hemisphere  ex- 
cept the  peduncular  region  of  the  base  and  the  region  of  the  corpus  callosum  and  for- 
nix of  the  medial  surface.  Numerous  measurements  have  been  made  to  determine 
its  average  thickness.     These  have  shown  that  it  is  not  uniformly  distributed: — 

(1)  that  it  is  thicker  on  the  convex  surface  than  on  the  basal  and  medial  surfaces; 

(2)  that  on  the  convex  surface  it  is  thicker  on  the  central  region  of  the  hemi- 
sphere, somsesthetic  area,  than  at  the  poles;  (3)  that  in  the  average  normal  speci- 
men it  averages  somewhat  thicker  on  the  left  than  on  the  right  hemisphere ;  (4)  that 
its  average  thickness  varies  greatly  in  different  individuals,  and  that  the  thick- 
ness decreases  with  old  age ;  (5)  that  it  is  probably  somewhat  thicker  in  males  than  in 
females,  and  (6)  that  in  a  given  specimen  it  averages  thicker  on  the  summits  of  the 
gyri  than  in  the  floor  of  the  corresponding  sulci.  In  the  normal  adult  conditions  it 
averages  about  4  mm.  thick  on  the  anterior  and  posterior  central  gyri,  in  the  somses- 
thetic area,  while  it  attains  its  mimimum  thickness  of  about  2"5  mm.  on  the  basal 
surface  of  the  occipital  and  frontal  lobes.  Its  total  average  thickness  is  about 
2-9  mm. 

The  cortex  consists  of  layers  of  the  cell-bodies  of  neurones,  chiefly  of  the  pyramidal  type 
(fig.  555),  which  receive  impulses  from  the  structures  below  and  from  other  regions  of  the  cortex 
by  way  of  fibres  reaching  them  through  the  internal  mass  of  white  substance,  and  which  in  turn 
contribute  fibres  to  the  white  substance.  Certain  fibres  of  shorter  course  and  numerous  collateral 
branches  of  fibres  passing  out  of  the  cortex  are  devoted  to  the  association  of  the  region  of  their 
origin  with  the  cortex  of  the  immediate  vicinity  of  their  origin,  and  most  of  these  course  within 
the  grey  cortex  itself.  In  certain  gyri,  such  as  the  anterior  central  gyri  and  those  of  the  medial 
surface  of  the  occipital  lobe,  these  short  association  fibres  accumulate  into  strata,  and  in  vertical 
sections  give  the  cortex  a  stratified  appearance.  Two  such  strata  of  white  substance  may  be 
noted  in  the  above  localities,  one  lying  about  midway  in  the  thickness  of  the  cortex  and  one 
slightly  internal  to  this.  They  are  known  as  the  inner  and  outer  stripes  of  Baillarger.  In  addi- 
tion, a  thin,  superficial  or  tangential  layer  of  fibres  may  often  be  distinguished  lying  in  the  outer- 
most region  of  the  cortex.  Transverse  sections  through  the  anterior  end  of  the  hippocampus 
show  a  coiled  arrangement  of  the  layers  of  white  substance,  to  which, has  been  given  the  name 
cornu  ammonis.  The  peculiar  structure  and  appearance  of  the  olfactory  bulb  and  tract,  parts  of 
the  cortex,  have  already  been  mentioned. 

The  corpus  striatum  is  the  name  given  to  the  appearance  in  section  of  the 
caudate  and  lenticular  nuclei  (basal  ganglia)  and  the  internal  capsule  between  them. 
The  t  wo  nuclei  are  directly  continuous  with  each  other  at  their  anterior  ends  (fig.  637) , 
and  in  addition  they  are  connected  by  numerous  small  bands  of  grey  substance  which 
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pass  from  one  to  the  other  through  the  internal  capsule,  especially  its  anterior  part. 
Also  each  nucleus  contributes  numerous  fibres  to,  and  receives  fibres  from,  the  in- 
ternal capsule.  These  bundles  of  fibres  both  arising  and  terminating  within  the 
nuclei,  together  with  the  grey  substance  among  the  fibres  of  the  capsule,  produce  the 
ribbed  and  striped  appearance  suggesting  the  name,  corpus  striatum.  The  caudate 
nucleus — the  intra- ventricular  part  of  the  corpus  striatum — lies  with  its  thicker 
anterior  part  (head)  closely  related  to  the  internal  capsule,  but  its  tail  passes  back- 
wards around  the  posterior  border  of  the  capsule  and  curves  downwards  and  forwards 
into  the  roof  of  the  inferior  cornu  of  the  lateral  ventricle. 

The  lenticular  nucleus  (nucleus  lentiformis) — the  extraventricular  part  of  the 
corpus  striatum — is  embedded  in  the  white  substance  of  the  cerebral  hemisphere. 
It  is  somewhat  pyriform  in  shape,  not  being  so  long  as  the  caudate  nucleus,  and  neither 
having  a  tail  nor  extending  so  far  forwards.  Its  lower  surface  is  separated  from  the 
inferior  cornu  of  the  lateral  ventricle  by  the  white  substance  of  the  roof  of  that  cornu, 
and  by  the  tail  of  the  caudate  nucleus,  and,  further  forwards,  the  anterior  commissure 
passes  through  its  base.  Its  outer  surface  is  rounded  and  conforms  both  in  extent 
and  curvature  with  the  surface  of  the  insula,  from  which  it  is  separated  by  the  fibres 


Fig.  638. — Coronal  Section  of  Telecenphalon  Passing  Through  Frontal  Lobes  and 
Anterior  Portion  of  Corpus  Striatum. 
(From  mounted  specimen  in  the  Anatomical  Department  of  Trinity  College,  Dublin.) 


of  the  external  capsule  and  the  intervening  claustrum.  Its  oblique  upper  and  inner 
surface  is  adapted  to  the  outer  surface  of  the  internal  capsule,  and  it  comes  to  a 
rounded  apex  in  the  angle  formed  by  the  internal  capsule  and  a  plane  parallel  with  the 
base  of  the  hemisphere.  In  both  horizontal  and  coronal  (transverse)  sections  through 
its  middle  it  resembles  a  compound  biconvex  lens.  Internally  this  appearance  is 
produced  by  two  vertically  curving  lamina?  of  white  substance,  an  external  and  an 
internal  medullary  lamina,  which  divide  its  substance  into  three  zones: — the  two 
inner  zones  together  form  an  area,  triangular  in  section,  known  as  the  globus  pallidus ; 
the  outer,  larger  and  darker,  concavo-convex  zone  is  the  putamen.  Radiating  fibres 
from  the  medullary  laminae  extend  into  the  zones,  especially  those  of  the  globus 
pallidus.  These  zones  disappear  in  transverse  sections  of  the  anterior  portion  of  the 
lenticular  nucleus  (fig.  638),  due  to  the  fact  that  the  larger  putamen  alone  comprises 
this  portion  and  alone  becomes  continuous  with  the  caudate  nucleus. 

Connections. — Both  nuclei  of  the  corpus  striatum  become  continuous  with  the  cortex 
in  the  region  of  the  anterior  perforated  substance,  and  the  putamen  of  the  lenticular  nucleus  may- 
blend  with  the  anterior  part  of  the  base  of  the  claustrum.  The  following  are  the  principal  fibre 
connections: — (1)  Fibres  arising  in  the  nuclei  which  join  the  internal  capsule  to  reach  the  cerebral 
cortex,  and  fibres  arising  in  the  cortex  which  descend  by  the  same  course  to  the  cells  of  the 
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nuclei.  (2)  Fibres  which  pass  in  both  directions  between  the  thalamus  and  the  corpus  striatum 
(caudate  nucleus  especially).  These  are  more  abundant  anteriorly,  and  necessarily  pass 
through  the  internal  capsule.  (3)  The  ansa  lenticularis,  a  usually  distinct  bundle,  composed 
largely  of  fibres  passing  between  the  thalamus  and  lenticular  nucleus.  It  passes  from  the  under 
aspect  of  the  anterior  tubercle  of  the  thalamus  and  curves  below  through  the  internal  capsule 
to  the  under  surface  of  the  lenticular  nucleus,  and  there  its  fibres  are  distributed  upwards  through 
its  medullary  lamina  to  the  globus  pallidus  and  putamen.  Some  enter  the  internal  capsule 
and  reach  the  cortex,  chiefly  that  of  the  temporal  lobe.  (4)  Fibres  connecting  both  nuclei  (chiefly 
the  caudate)  with  the  substantia  nigra  of  the  mesencephalon.  These  pass  through  the  hypo- 
thalamic region  and  along  the  cerebral  peduncle. 

The  claustrum  is  a  triangular  plate  of  grey  substance  which  is  embedded  in  the 
white  substance  between  the  lenticular  nucleus  and  the  insula.  Its  inner  surface  is 
concave,  conforming  to  the  convexity  of  the  putamen.  The  sheet  of  white  substance 
intervening  between  it  and  the  putamen  is  known  as  the  external  capsule.  Its 
outer  surface  shows  ridges  or  projections  in  section  which  conform  to  the  neighbour- 
ing gyri  of  the  insula,  and  it  is  spread  through  an  area  which  quite  closely  corresponds 
to  that  of  the  insula.    Below  and  anteriorly  it  becomes  continuous  with  the  cortex 


Fig.  639. — Coronal  Section  of  Telencephalon  through  the  Anterior  Commissure,  Optic 
Chiasma,  and  Trunk  of  Corpus  Callosum.  (After  Toldt,  "Atlas  of  Human  Anatomy," 
Rebman,  London  and  New  York.) 
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of  the  anterior  perforated  substance  and  with  the  lenticular  nucleus  at  the  region  of 
its  junction  with  the  latter.  Above  and  posteriorly  it  gradually  becomes  thinner, 
and  finally  disappears  in  the  white  substance  about  it.  In  origin  it  is  thought  to  be 
a  detached  portion  of  the  cortical  grey  substance  of  the  insula. 

The  amygdaloid  nucleus  (nucleus  amygdala?)  is  represented  by  the  amygdaloid 
tubercle,  which  has  already  been  described  in  the  extremity  of  the  inferior  cornu  of 
the  lateral  ventricle  (figs.  614  and  637) .  It  is  an  almond-shaped  mass  of  cells  joined  to 
the  tail  of  the  caudate  nucleus,  continuous  above  with  the  putamen  and  anteriorly 
with  the  cortex  of  the  temporal  lobe. 

Apparently  the  chief  connection  of  the  amygdaloid  nucleus  is  with  the  anterior  perforated 
substance,  and  this  by  way  of  the  stria  terminalis  oj  the  thalamus.  The  longitudinal  fibres 
coursing  in  this  bundle  for  the  most  part  arise  in  the  nucleus.  Thence  they  pass  backwards  in 
the  roof  of  the  inferior  cornu,  then  curve  upwards  and  anteriorly  just  outside  the  pulvinar  of 
the  thalamus,  and  run  in  the  floor  of  the  body  of  the  lateral  ventricle  along  the  line  of  the 
genu  of  the  internal  capsule,  forming  the  boundary  between  the  thalamus  and  the  caudate 
nucleus  (figs.  614  and  638).  Upon  reaching  the  anterior  commissure,  the  fibres  turn  ventrally  and 
disperse,  and  are  said  to  terminate  in  the  anterior  perforated  substance.    The  amygdaloid 
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nucleus,  like  the  claustrum,  is  thought  to  represent  a  detached  portion  of  the  cortex — probably 
from  the  region  of  the  uncus.  Considering  this  and  its  chief  connection,  it  may  be  concerned 
in  the  central  portion  of  the  olfactory  apparatus  with  the  stria  terminalis,  which  thus  may  be 
somewhat  homologous  to  the  fornix. 

The  thalamus  and  hypothalamus. — The  external  features  of  these  portions  of 
the  prosencephalon  have  been  described  in  their  natural  place,  but  inasmuch  as  they 
contain  the  chief  relays  and  connections  between  the  telencephalon  and  the  divisions 
of  the  nervous  system  below  the  prosencephalon,  the  consideration  of  their  internal 
structure  has  been  deferred  till  now.  The  principal  grey  masses  to  be  considered  are 
the  thalamus  and  the  hypothalamic  nucleus.    The  structures  of  the  metathalamus 


Fig.  640. — Horizontal  Dissection  showing  the  Grey  and  White  Substance  of  the 
Telencephalon  Below  the  Corpus  Callosum  and  the  Relative  Position  of  the 
Thalamencephalon.    (After  Landois  and  Stirling.) 


GYRUS  CINGULI 


CORPUS  CALLOSUM 


ANTERIOR  CORNU 


CA  UDA  TE 
NUCLEUS 
INTERNAL  CAP- 
SULE (FRONTAL 
PORTION) 

EXTERNA  L 
CAPSULE 
LXNTZCU-  f  PUTAMEN 
LAR  NU-<  GLOBUS 
CLE  US     I  PA  LL1D  US 
CLA  USTRUM 
INTERNAL  CAP- 
SULE (OCCIPITAL 
PORTION) 

THALAMUS 


MEDIAL  GENI- 
CULA  TE  BOD  Y 
CA  UDA  TE 
NUCLEUS 
HIPPOCAMPUS 

MAJOR 
HIPPOCAMPUS 
MINOR 


CLA  VA 

FUNICULUS  CUNEATUS 
FUNICULUS  GRACILIS 


SEPTUM 
PELLUCID  UM 

CORPUS 

STRIA  TUM 
COLUMN  OF 

FORNIX 

STRIA  TERMI- 
NALIS OF 
THALAMUS 


mr-  THALAMUS 


CORPORA  QUAD- 
R1GEMINA 


BBAOBIUM  \ 
CONJUNC- 
TIYUM  1 
RESTTFORM  ( 
BODT  ( 
BRACHIUM  \ 
PONTIS  J 


CERE- 
BELLAR 
PEDUN- 
CLES 


TRIGONUM  VAGI 
(ALA  CINEREA) 


and  epithalamus  have  already  been  mentioned  in  their  relations  with  the  mesen- 
cephalon and  the  optic  and  auditory  apparatus. 

The  thalamus  has  upon  its  upper  surface  a  thin  stratum  zonale  of  white  sub- 
stance, derived  in  part  from  the  optic  tract  and  in  part  from  its  own  cells.  Its 
oblique  lateral  surface  conforms  to  the  inner  surface  of  the  internal  capsule;  its 
vertical  medial  surface  forms  the  lateral  wall  of  the  third  ventricle,  and  below  it  is 
continuous  into  the  hypothalamic  (tegmental)  region.  Its  dorsal  surface  shows  a 
middle,  an  anterior,  and  a  posterior  prominence  or  tubercle.  The  anterior  tubercle 
forms  the  posterior  boundary  of  the  interventricular  foramen ;  the  posterior  tubercle 
is  the  cushion-like  pulvinar  which  projects  backwards  over  the  lateral  geniculate 
body  and  the  brachium  of  the  anterior  quadrigeminate  body. 
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A  horizontal  section  through  the  taenia  thalami,  splitting  the  stria  medullaris  and 
thus  passing  above  the  massa  intermedia,  shows  the  grey  mass  of  the  thalamus 
divided  into  segments  or  nuclei  by  a  more  or  less  distinct  internal  medullary  lamina. 
This  extends  the  whole  length  of  the  thalamus,  dividing  its  middle  and  posterior 
portion  into  the  medial  and  the  lateral  nucleus.  In  front  the  lamina  bifurcates 
into  a  medial  limb,  extending  to  the  medial  surface  of  the  thalamus,  and  a  lateral 
limb,  extending  forwards  to  join  the  genu  of  the  internal  capsule  (fig.  641).  This  bi- 
furcation results  in  a  cup-like  sheet  of  white  substance  which  encloses  the  anterior 
nucleus.  On  the  external  surface,  next  to  the  internal  capsule,  there  may  usually 
be  distinguished  an  external  medullary  lamina,  separated  from  the  white  sub- 
stance of  the  capsule  by  a  reticular  layer  of  mixed  white  and  grey  substance. 

The  anterior  nucleus,  lying  partially  encapsulated  in  the  bifurcation  of  the  in- 
ternal medullary  lamina,  is  somewhat  wedge-shaped  and  points  backwards  between 
the  front  portions  of  the  lateral  and  medial  nuclei.  It  is  composed  chiefly  of  large 
cells,  and  constitutes  the  anterior  tubercle  of  the  dorsal  aspect.  Its  principal  connec- 
tion from  below  is  with  the  nuclei  of  the  mammillary  body  of  the  same  and  opposite 
sides,  and  with  fibres  from  the  anterior  columns  of  the  fornix  direct.    The  fibres  from 

Fig.  641. — Coronal  Section  of  Prosencephalon  through  Thalamencephalon  at  Region 
of  Corpora  Mammillaria.  (Seen  from  in  front.)  (After  Toldt,  "Atlas  of  Human  Anat- 
omy," Rebman,  London  and  New  York.) 
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both  sources  enter  it  by  way  of  the  thalamo-mammillary  fasciculus  (figs.  619  and  641). 
The  significance  of  this  connection  is  noted  in  the  description  of  the  limbic  lobe. 

The  lateral  nucleus,  lying  between  the  external  and  internal  medullary  laminae, 
extends  backwards  to  include  the  entire  pulvinar,  which,  as  already  noted,  together 
with  the  lateral  geniculate  body,  constitutes  the  prosencephala  nucleus  of  termina- 
tion of  the  optic  tract,  and  the  stratum  zonale  upon  the  surface  of  this  nucleus 
might  be  called  the  stratum  opticum.  The  anterior  portion  of  the  lateral  nucleus 
also  receives  fibres  below  from  the  red  nucleus,  from  the  brachium  conjunctivum 
(cerebellum  direct),  and  some  fibres  of  the  medial  lemniscus  terminate  about  its 
cells. 

The  medial  nucleus  lies  inside  the  internal  medullary  lamina  and  forms  the  pos- 
terior portion  of  the  lateral  wall  of  the  third  ventricle.  It  is  shorter  than  the  lateral 
nucleus,  and  is  less  extensively  pervaded  by  fibres.  It  is  thought  to  receive  fibres 
from  the  red  nucleus,  and  perhaps  some  from  the  lemniscus,  and  is  usually  con- 
tinuous across  the  third  ventricle  with  the  opposite  medial  nucleus  by  the  massa 
intermedia. 

All  the  nuclei  of  the  thalamus  are  connected  with  the  lenticular  nucleus  by  fibres 
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passing  between  the  two  through  the  internal  capsule  directly,  and  by  fibres  curving 
from  below,  chiefly  from  the  lateral  and  medial  nuclei,  and  passing  in  the  ansa  lentic- 
ularis. 

The  cortical  connections  of  the  thalamus  are  abundant.  They  consist  of 
fibres  both  to  and  from  the  cortex  of  the  different  lobes  of  the  hemisphere,  the  greater 
part  arising  in  the  thalamus  and  terminating  in  the  cortex.  These  fibres  collect  in 
the  internal  and  external  medullary  laminae  and  the  stratum  zonale;  most  of  them 
enter  the  internal  capsule  and  thence  radiate  to  the  different  parts  of  the  cortex. 
They  form  the  so-called  peduncles  of  the  thalamus,  which  have  been  distinguished 
both  by  the  Flechsig  method  of  investigation  and  by  the  method  of  degeneration. 
The  anterior  or  frontal  peduncle  passes  from  the  lateral  and  anterior  part  of  the 
thalamus  through  the  frontal  portion  of  the  internal  capsule,  and  radiates  to  the 
cortex  of  the  frontal  lobe.  The  middle  or  parietal  peduncle  passes  from  the  lateral 
surface  of  the  thalamus  through  the  intermediate  part  of  the  internal  capsule,  and 
upwards  to  the  cortex  of  the  parietal  lobe.  The  posterior  or  occipital  peduncle 
passes  chiefly  from  the  pulvinar,  through  the  occipital  portion  of  the  internal  capsule, 
and  radiates  backwards  to  the  occipital  lobe  by  way  of  the  occipito-thalamic  (optic) 
radiation  (fig.  643).  The  inferior  peduncle  passes  from  the  inner  and  under  surface 
of  the  thalamus  (from  the  anterior  part  chiefly),  turns  outwards  to  course  beneath 
the  lenticular  nucleus,  and  radiates  to  the  cortex  of  the  temporal  lobe  and  insula. 
Many  of  the  fibres  of  this  peduncle  course  in  the  ansa  lenticularis  (fig.  641).  Some 
turn  upwards  in  the  external  capsule  to  reach  the  cortex  above  the  insula. 

The  hypothalamic  nucleus,  or  body  of  Luys,  is  the  principal  nucleus  of  termi- 
nation of  the  medial  lemniscus,  the  great  sensory  cerebro-spinal  pathway.  It  con- 
tains the  cell-bodies  of  the  neurones  of  the  third  order  in  this  pathway,  those  of  the 
first  order  being  situated  in  the  spinal  ganglia,  and  those  of  the  second  order  in  the 
nuclei  of  the  fasciculus  gracilis  and  fasciculus  cuneatus.  It  is  a  biconvex  mass  of 
grey  substance  situated  below  the  lateral  and  anterior  nuclei  of  the  thalamus,  and 
between  these  and  the  basis  of  the  cerebral  peduncle,  or  rather  the  substantia  nigra, 
which  is  spread  upon  the  dorsal  surface  of  the  peduncle,  and  which,  though  greatly 
diminished,  extends  into  the  hypothalamic  region.  The  hypothalamic  nucleus  pre- 
sents a  brownish-pink  colour  in  fresh  material,  due  to  pigment  in  its  cells  and  to 
its  abundant  capillary  supply.  It  is  enclosed  by  a  thin  capsule  of  white  substance, 
some  of  the  fibres  of  which  seem  to  decussate  with  those  of  the  opposite  side  in  the 
floor  of  the  third  ventricle,  above  and  just  behind  the  region  of  the  corpora  mammil- 
laria.  By  far  the  greater  part  of  the  fibres  arising  from  the  nucleus  join  the  internal 
capsule,  and  through  it  ascend  to  radiate  to  the  cortex  of  the  pre-  and  post-central 
gyri,  the  sensory-motor  or  somsesthetic  area  of  the  hemisphere. 

All  the  fibres  connecting  the  cerebral  cortex  with  both  the  thalamus  and  the  hypo- 
thalamic nucleus  belong  to  the  so-called  projection  fibres  of  the  cerebral  hemisphere. 

Worthy  of  note  here  are  two  other  structures  which,  like  the  thalamus,  belong 
to  the  thalamencephalic  portion  of  the  diencephalon,  though  mention  of  them  and 
their  connections  has  been  deferred  because  of  the  fact  that  they  are  encountered  in 
sections  for  the  internal  structure  of  the  telencephalon,  since,  as  usually  studied, 
such  sections  are  made  to  involve  both  the  telencephalon  and  the  diencephalon. 
These  structures  are  the  habenular  nucleus  and  the  fasciculus  retroflexus  of  Meynert. 

The  habenular  nucleus,  a  part  of  the'  epithalamus,  is  a  small  group  of  nerve 
cells  situated  in  the  substance  just  below  and  lateral  to  the  epiphysis.  A  small 
bundle  of  fibres  crossing  the  mid-line  under  the  epiphysis  in  the  dorsal  aspect  of  the 
posterior  cerebral  commissure  has  been  called  the  commissura  habenularum,  frcm 
the  fact  that  it  apparently  connects  the  habenular  nuclei  of  the  two  sides. 

The  fasciculus  retroflexus  (Meynerti)  is  a  relatively  strong  bundle  of  medul- 
lated  fibres  which  runs  ventralwards  and  slightly  caudalwards  from  the  habenular 
nucleus  towards  the  inferior  portion  of  the  interpeduncular  fossa.  It  has  been 
shown  that  many,  at  least,  of  the  fibres  of  this  bundle  arise  from  the  cells  of  the 
habenular  nucleus.  In  its  slightly  caudad  course,  the  bundle  passes  obliquely 
through  the  red  nucleus,  entering  the  mesial  superior  aspect  and  making  its  exit 
from  the  ventro-mesial  side  of  the  inferior  extremity  of  this  nucleus.  In  the  animals 
in  which  it  has  been  studied,  the  bundle  seems  to  terminate  in  the  interpeduncular 
ganglion,  a  group  of  nerve  cells  lying  in  the  floor  of  the  interpeduncular  fossa  at 
the  level  of  the  inferior  quadrigemina.  In  man,  the  interpeduncular  ganglion  is 
seemingly  absent  as  such,  and  the  bundle  seems  to  disappear  in  the  posterior  per- 
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forated  substance.  However,  the  microscope  shows  cells  scattered  among  the 
fibres  of  the  bundle  and  these  cells  probably  represent  the  ganglion. 

The  white  substance  of  the  telencephalon. — A  horizontal  section  through 
the  upper  part  of  the  trunk  of  the  corpus  callosum  will  pass  above  the  basal  grey 
substance  of  the  corpus  striatum,  and,  aided  by  the  corpus  callosum,  each  hemi- 
sphere in  such  a  section  will  appear  as  if  consisting  of  a  solid,  half-oval  mass  of  white 
substance,  bounded  without  by  the  grey  layer  of  the  cortex  (fig.  620).  As  seen  at 
this  level,  the  white  substance  of  each  hemisphere  is  known  as  the  centrum  semi- 
ovale.  Horizontal  sections  passing  below  the  body  of  the  corpus  callosum  involve 
the  corpus  striatum  and  thalamus,  and  the  appearance  of  the  white  substance  is 
modified  accordingly  (fig.  640). 


Fig.  642. — Oblique  Frontal  Section  through  the  Brain  in  the  Direction  of  the  Cerebral 
Peduncles  and  the  Pyramids.  (Seen  from  in  front.)  (After  Toldt,  "  Atlas  of  Human 
Anatomy,"  Rebman,  London  and  New  York.) 
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In  the  white  substance  of  the  cerebral  hemispheres  as  a  whole  three  main  systems 
of  fibres  are  recognised: — projection  fibres,  commissural  fibres,  and  association  fibres. 
The  projection  fibres  are  those  of  a  more  or  less  vertical  course,  which  pass  to  and 
from  the  cortex  of  the  hemisphere,  connecting  it  with  the  structures  below  the  con- 
fines of  the  hemisphere.  The  commissural  fibres  are  those  of  a  transversely  horizontal 
course,  which  cross  the  mid-line  and  connect  the  two  hemispheres  with  each  other. 
The  association  fibres  are  those  which  neither  cross  the  mid-line  nor  pass  beyond  the 
bounds  of  the  hemisphere  in  which  they  arise,  but  instead  connect  (associate)  the 
different  parts  of  the  same  hemisphere — lobes  with  lobes  and  gyri  with  gyri.  The 
fibres  which  connect  the  cortex  with  the  nuclei  of  the  corpus  striatum  must  be  classed 
as  association  fibres  also,  since  these  masses  of  grey  substance  are  a  part  of  the 
telencephalon,  while  by  definition  those  which  connect  the  thalamus  and  hypothala- 
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mus  with  the  cortex  belong  to  the  projection  system.  Some  of  the  fibre  bundles  of 
the  above  systems  have  already  been  described  in  connection  with  the  parts  with 
which  they  are  concerned. 

The  projection  fibres  of  the  hemisphere  comprise  both  ascending  and  descending 
fibres  between  the  cerebral  cortex  and  structures  below  the  bounds  of  the  hemisphere, 
i.e.,  some  arise  in  the  structures  below  and  terminate  in  the  cortex;  others  arise 
from  the  cortical  cells  and  terminate  in  the  structures  below,  including  the  grey 
substance  of  the  thalamencephalon,  mesencephalon,  rhombencephalon,  and  spinal 
cord.  The  projection  fibres  are  given  different  names  in  the  hemisphere  according  to 
their  arrangement  and  the  appearances  to  which  they  contribute  in  the  dissections. 
Beginning  with  the  basis  of  the  peduncle,  they  contribute — (1)  to  the  internal 
capsule  and  some  to  the  external  capsule  and  (2)  to  the  corona  radiata. 

The  internal  capsule  is  a  band  of  white  substance,  consisting  of  the  ascending 
fibres  from  the  nuclei  of  the  thalamus,  hypothalamus,  and  corpus  striatum,  reinforced 
by  the  descending  fibres  from  the  cortex  to  these  nuclei  and  by  those  descending 
in  the  cerebral  peduncle  to  reach  the  structures  below  the  prosencephalon.    It  is  a 


Fig.  643. — Coronal  Section  through  the  Splenium  of  the  Corpus  Callosum  and  the 
Posterior  Cornua  op  the  Lateral  Ventricles.  (Viewed  from  behind.)  (After  Toldt, 
"Atlas  of  Human  Anatomy,"  Rebman,  London  and  New  York.) 
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broad,  fan-like  mass  of  fibres,  which  increases  in  width  from  the  base  of  the  hemi- 
sphere upwards,  and  which  is  spread  between  the  lenticular  nucleus  on  its  outer  side 
and  the  caudate  nucleus  and  thalamus  on  its  inner  side.  To  reach  the  cortex  above, 
its  fibres  necessarily  pass  through  the  radiations  of  the  corpus  callosum,  and  thus, 
together  with  the  corpus  callosum,  the  fan-like  bands  of  the  two  hemispheres  form  a 
capsule  containing  the  thalami,  the  third  ventricle,  the  caudate  nuclei,  and  the  ante- 
rior and  central  portions  of  the  lateral  ventricles.  In  sections,  each  internal  capsule 
appears  bent  at  an  angle,  the  genu,  which  approaches  the  cavity  of  the  lateral 
ventricle  along  the  line  of  the  boundary  between  the  thalamus  and  the  caudate  nucleus. 
Along  the  genu  runs  the  stria  terminalis  of  the  thalamus,  and  through  the  genu  the 
capsule  receives  fibres  from  the  internal  medullary  lamina  of  the  thalamus,  from 
the  stratum  zonale  of  the  thalamus  and  from  that  of  the  caudate  nucleus.  At  the 
genu  each  capsule  is  separable  into  two  parts:— (1)  the  frontal  portion,  spreading 
between  the  caudate  and  lenticular  nuclei;  (2)  the  occipital  portion,  between  the 
lenticular  nucleus  and  the  thalamus. 

The  corona  radiata. — Above  the  corpus  callosum,  and  in  part  joining  its  radia- 
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tions,  the  fibres  of  the  internal  capsule  are  dispersed  to  the  cortex  in  all  directions. 
The  appearance  known  in  coronal  sections  of  the  hemispheres  as  the  corona  radiata 
is  produced  both  by  the  upper  continuations  of  the  internal  capsule  and  by  the 
radiations  of  the  corpus  callosum.  The  radiations  derived  from  the  internal  capsule 
may  be  divided  into  a  frontal,  parietal,  and  occipital  part,  corresponding  to  the 
frontal,  parietal,  and  occipital  peduncles  of  the  thalamus. 

The  radiation  derived  from  the  occipital  portion  of  the  internal  capsule  is  sub- 
divisible into — (1)  an  anterior  part,  passing  between  the  lateral  portion  of  the  thala- 
mus and  the  cortex  directly  above  and  the  cortex  of  the  temporal  lobe,  and  (2)  a 
posterior  part,  passing  from  the  region  of  the  lenticular  nucleus  backwards  into  the 
occipital  lobe.  The  latter  part  accumulates  into  a  well-defined  band  of  fibres  spread 
in  the  lateral  wall  of  the  posterior  cornu  of  the  lateral  ventricle  immediately  outside 
the  tapetum.  This  band  consists,  for  the  most  part,  of  fibres  arising  in  the  pulvinar, 
the  lateral  geniculate  body,  and  the  superior  quadrigeminate  body,  and  is  known  as 
the  occipito-thalamic  radiation,  or,  more  commonly,  the  optic  radiation,  since  the 
fibres  of  which  it  is  composed  are  chiefly  concerned  in  the  optic  apparatus. 

The  external  capsule  is,  as  already  noted,  a  thin  sheet  of  white  substance  spread 
between  the  claustrum  and  the  lenticular  nucleus.  It  owes  its  appearance  as  such 
to  the  presence  of  the  claustrum.  It  joins  the  internal  capsule  at  the  upper,  pos- 
terior, and  anterior  borders  of  the  putamen,  and  below  the  claustrum  it  is  continuous 
with  the  general  white  substance  of  the  temporal  lobe.  Thus  it  contributes  to  an 
encapsulation  of  the  lenticular  nucleus  by  white  substance.  Most  of  the  fibres  con- 
tained in  it  belong  to  the  association  system.  Its  projection  fibres  consist  of  those  of 
the  inferior  peduncle  of  the  thalamus,  which  pass  from  the  under  surface  of  the  thala- 
mus and,  instead  of  continuing  below  to  the  cortex  of  the  temporal  lobe  and  insula, 
turn  upwards,  around  the  lenticular  nucleus  to  the  cortex  above  the  insula. 

The  ascending  projection  fibres  arise  mostly  from  the  cells  of  the  nuclei  of  the 
thalamus  and  hypothalamic  nucleus;  some  arise  from  nuclei  in  the  mesencephalon 
and  cerebellum.     They  may  be  summarised  as  follows: — 

(1)  The  terminal  part  of  the  general  sensory  pathway  of  the  body.  The  portion  of  the 
medial  lemniscus  which  arises  in  the  nuclei  of  the  fasciculus  gracilis  and  cuneatus 
terminates  in  the  hypothalamic  nucleus  and  the  ventral  portion  of  the  lateral  nucleus 
of  the  thalamus.  The  projection  fibres  given  off  by  the  latter  nuclei  pass  chiefly 
through  the  anterior  part  of  the  occipital  portion  of  the  internal  capsule  and  radiate 
to  and  terminate  in  the  somsesthetic  area  of  the  cortex.  Some  few  pass  outside 
around  the  lenticular  nucleus,  and  ascend  by  way  of  the  external  capsule. 

(2)  The  terminal  part  of  the  general  sensory  pathway  of  the  head  and  neck.  The 
nuclei  of  termination  of  the  sensory  portions  of  the  cranial  nerves  of  the  rhomben- 
cephalon (except  the  nuclei  of  the  auditory  nerve)  give  fibres  which  course  upwards 
in  the  medial  lemniscus  (fillet)  and  reticular  substance  of  the  same  and  (chiefly)  the 
opposite  sides  and  terminate  in  the  ventro-lateral  portions  of  the  thalamus  and  in  the 
hypot  halamic  nucleus.  Thence  arise  projection  fibres  which  ascend  to  the  somgesthetic 
area  by  practically  the  same  route  as  those  of  the  general  sensory  system  for  the  body. 

(3)  The  terminal  part  of  the  auditory  pathivay.  The  ventral  and  dorsal  nuclei  of 
termination  of  the  cochlear  nerve  establish  connections  with  the  inferior  quadri- 
geminate body,  the  medial  geniculate  body,  and  the  nucleus  of  the  lateral  lemniscus. 
These  nuclei  send  projection  fibres  through  the  anterior  part  of  the  occipital  por- 
tion of  the  internal  capsule,  and  thence  by  the  temporal  portion  of  the  corona  radiata 
to  the  cortex  of  the  superior  temporal  gyrus  (auditory  area) .  Probably  some  of  these 
fibres  pass  by  way  of  the  inferior  peduncle  of  the  thalamus.  Some  of  the  fibres  arising 
in  the  nuclei  of  termination  of  the  vestibular  nerve  convey  impulses  which  reach 
the  someesthetic  area,  but  the  origin  of  the  terminal  portion  of  this  system  is  uncertain. 

(4)  The  terminal  part  of  the  visual  pathway.  The  cells  of  the  pulvinar,  the  lateral 
geniculate  body,  and  the  nucleus  of  the  anterior  quadrigeminate  body,  all  serving  as 
nuclei  of  termination  of  the  optic  tract,  give  off  projection  fibres  which  pass  by  way 
of  the  occipital  portion  of  the  internal  capsule  and  the  occipito-thalamic  radiation  to 
the  cortex  of  the  occipital  lobe,  chiefly  the  region  about  the  posterior  end  of  the 
calcarine  fissure — the  visual  area. 

(5)  The  terminal  ascending  cerebellar  pathway.  The  fibres  of  the  brachium  con- 
junctivum,  after  decussating,  terminate  both  in  the  red  nucleus  and  in  the  lateral 
nucleus  of  the  thalamus.  Some  fibres  from  the  red  nucleus  become  projection  fibres 
direct,  others  terminate  in  the  medial  and  anterior  portion  of  the  lateral  nucleus  of 
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the  thalamus.  From  the  thalamus  the  projection  fibres  of  this  system  pass  in  the 
general  thalamo-cortical  path  to  the  somaesthetic  area. 

The  descending  projection  fibres  arise  as  outgrowths  of  the  pyramidal  cells  of 
the  respective  regions  of  the  cerebral  cortex,  in  which  the  ascending  fibres  terminate. 
The  principal  groups  of  these  are  as  follows: — 

(1)  The  pyramidal  fasciculi.  The  fibres  of  this  group  arise  from  the  giant 
pyramidal  cells  of  the  posterior  central  gyri  and  anterior  end  of  the  paracentral  lobule 

Fig.  644. — Diagrams  showing  the  General  Sensory  and  Association  Areas  op  the  Convex 
and  Medial  Surfaces  of  Cerebral  Hemisphere.    (From  Spalteholz,  after  Flechsig.) 
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(parts  of  the  somaesthetic  area) .  They  descend  through  the  middle  part  of  the  corona 
radiata,  the  genu  and  anterior  two-thirds  of  the  occipital  portion  of  the  internal 
capsule,  into  the  basis  of  the  peduncle,  thence  through  the  cerebral  peduncle  and 
pyramid  of  the  medulla,  and  decussate  to  pass  down  the  spinal  cord  to  terminate 
about  the  cells  of  the  ventral  horn — the  origin  of  the  motor  roots  of  the  spinal  nerves. 

(2)  The  pyramidal  fibres  to  the  nuclei  of  origin  of  the  motor  cranial  nerves, 
the  '  accessory  lemniscus'  of  Bechterew.    These  have  the  same  origin  and  practically 
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the  same  course  as  the  pyramidal  fibres  to  the  spinal  cord,  save  that  they  decussate 
shortly  before  their  termination  about  the  cells  of  the  motor  nuclei  in  the  opposite 
side  of  the  medulla.  They  have  a  definite  position  in  the  occipital  portion  of  the 
internal  capsule,  viz.,  they  course  in  its  anterior  portion,  while  the  descending  fibres 
for  the  arm  muscles  course  in  its  middle  and  those  for  the  leg  in  its  posterior  portion. 

(3)  The  frontal  pontile  path  (Arnold's  bundle)  arises  in  the  cortex  of  the 
posterior  portion  of  the  frontal  lobe,  in  front  of  the  precentral  gyrus,  descends  through 
the  frontal  part  of  the  corona  radiata  and  frontal  portion  of  the  internal  capsule  into 
the  medial  portion  of  the  cerebral  peduncle,  and  terminates  in  the  nuclei  of  the  pons. 

(4)  The  temporal  pontile  path  (Turk's  bundle)  arises  in  the  cortex  of  the 
superior  and  middle  temporal  gyri,  passes  under  the  lenticular  nucleus  into  the  pos- 
terior part  of  the  internal  capsule,  enters  the  cerebral  peduncle  lateral  to  its  pyra- 
midal portion,  and  terminates  in  the  nuclei  of  the  pons. 

(5)  The  occipito-mesencephalic  path  (Flechsig's  secondary  optic  radiation) 
arises  in  the  cortex  of  the  visual  area  of  the  occipital  lobe  (cuneus  and  about  the 
calcarine  fissure) ,  passes  forwards  through  the  occipito-thalamic  radiation,  down- 
wards in  the  posterior  part  of  the  occipital  portion  of  the  internal  capsule,  and  ter- 
minates in  the  nucleus  of  the  superior  quadrigeminate  body.  It  is  probable  that 
some  of  its  fibres  terminate  directly  in  the  nuclei  of  the  eye-moving  nerves. 

(6)  Those  fibres  of  the  fornix  which  arise  in  the  hippocampus  and  terminate  in 
the  corpus  mammillare  or  pass  through  it  to  the  anterior  nucleus  of  the  thalamus  of 
the  same  and  opposite  side  (thalamo-mammillary  fasciculus)  or  pass  into  the  cerebral 
peduncle  to  the  substantia  nigra  and  probably  to  structures  lower  down  (pedunculo- 
mammillary  fasciculus). 

The  commissural  system  of  fibres. — The  commissural  fibres  of  the  telencephalon 
serve  to  connect  or  associate  the  functional  activities  of  one  hemisphere  with  those 
of  the  other.    They  consist  of  three  groups: — 

(1)  The  corpus  callosum,  the  great  commissure  of  the  brain.  A  general  de- 
scription of  this  with  the  medial  and  lateral  strise  running  over  it  has  already  been 
given.  It  is  a  thick  band  of  white  substance,  about  10  cm.  wide,  which  crosses 
between  the  two  hemispheres  at  the  bottom  of  the  longitudinal  fissure.  Its  shape  is 
such  that  in  its  medial  transverse  section  its  parts  are  given  the  names  splenium, 
body,  genu,  and  rostrum  (figs.  615  and  726) .  Its  under  surface  is  medially  joined  to  the 
fornix,  in  part  by  the  septum  pellucidum  and  in  part  directly.  Laterally  it  is  the 
tapetum  of  the  roof  of  the  lateral  ventricle  of  either  side.  The  majority  of  its  fibres 
arise  from  the  cortical  cells  of  the  two  hemispheres,  and  terminate  in  the  cortex  of  the 
side  opposite  that  of  their  origin.  In  dissections,  its  fibres  are  seen  to  radiate  to- 
wards all  parts  of  the  cortex — the  radiation  of  the  corpus  callosum.  Of  these  radia- 
tions, two  strong  bands  curve  backwards  from  the  splenium  into  the  occipital  lobes, 
producing  the  figure  known  as  the  forceps  major.  Anteriorly,  two  similar  but 
lesser  bands  curve  from  the  genu  forwards  into  the  frontal  lobe,  producing  the  for- 
ceps minor. 

(2)  The  anterior  commissure  has  been  described  in  connection  with  the  rhin- 
encephalon.  In  addition  to  the  olfactory  fibres  coursing  through  it  to  and  from  the 
olfactory  bulb  of  one  hemisphere  and  the  uncus  of  the  opposite  hemisphere,  its 
greater  part  consists  of  fibres  which  arise  in  the  cortex  of  the  temporal  lobe  of  one 
side  and  terminate  in  that  of  the  opposite  side.  It  crosses  in  the  substance  of  the 
anterior  boundary  of  the  third  ventricle,  and  through  the  ventral  portions  of  the 
lenticular  nuclei,  and  can  be  seen  only  in  dissections  (figs.  631  and  639).  It  is  a  rela- 
tively small,  round  bundle,  and  its  mid-portion  between  its<  terminal  radiations 
presents  a  somewhat  twisted  appearance. 

(3)  The  hippocampal  commissure  belongs  wholly  to  the  limbic  lobe  (rhinen- 
cephalon),  and  has  been  described  there.  It  connects  the  hippocampal  gyri  of  the 
two  sides,  and  crosses  the  mid-line  under  and  usually  adhering  to  the  under  surface 
of  the  splenium  and  to  the  beginning  of  the  posterior  pillars  of  the  fornix  (fig.  631). 

The  association  system  of  the  hemisphere. — The  possibilities  for  association 
bundles  connecting  the  different  parts  of  the  same  hemisphere  with  each  other  are 
innumerable,  and  quite  a  number  are  recognised.  They  serve  for  the  distribution  or 
diffusion  of  impulses  brought  in  from  the  exterior  by  the  a.scending  projection  system, 
and  it  is  by  means  of  them  that  the  different  areas  of  the  cortex  may  function  in 
harmony  and  coordination.  Most  of  the  association  bundles  are  supposed  to  contain 
fibres  coursing  in  both  directions.    Several  of  them  have  already  been  described  in 
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company  with  the  grey  masses  with  which  they  are  concerned.  They  may  be 
summarised  as  follows: — 

(1)  Those  of  short  course,  the  nbrae  propriae,  which  associate  contiguous  gyri 
with  each  other.  These  loop  around  the  bottoms  of  the  sulci,  continually  receiving 
and  losing  fibres  in  the  cortex  they  connect.  The  stripes  of  Baillarger  within  the 
cortical  layer  might  be  included  among  the  short  association  bundles. 

(2)  The  cingulum  (girdle)  lies  in  the  gyrus  cinguli  and  is  shaped  correspond- 
ingly. It  extends  from  the  anterior  perforated  substance  and  the  subcallosal  gyrus 
around  the  genu  of  the  corpus  callosum,  then,  under  cover  of  the  gyrus  cinguli  and 
around  the  splenium,  and  thence  downwards  and  forwards  in  the  hippocampal 
gyrus  to  the  uncus.  It  is  chiefly  an  aggregation  of  fibres  of  short  course — fibres 
which  associate  neighbouring  portions  of  the  cortical  substance  beneath  which  they 
course,  and  which,  by  continually  overlapping  each  other,  form  the  bundle. 

(3)  The  uncinate  fasciculus  is  a  hook-shaped  bundle  which  connects  the  uncus 
and  anterior  portion  of  the  temporal  lobe  with  the  basal  portion  of  the  frontal  lobe, 


Fig.  645. — Schematic  Repeesentation  of  Certain  of  the  Association  Pathways  of  the 
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i.e.,  the  frontal  pole  with  the  orbital  gyri.  Its  shape  is  due  to  its  having  to  curve 
backwards  around  the  stem  of  the  lateral  cerebral  fissure. 

(4)  The  superior  longitudinal  fasciculus  is  the  longest  of  the  association  paths, 
and  connects  the  frontal,  occipital,  and  temporal  lobes.  From  the  frontal  lobe  it 
passes  laterally,  transverse  to  the  radiations  of  the  corpus  callosum  and  the  lower 
part  of  the  corona  radiata,  along  the  inner  aspect  of  the  opercula,  and  above  the  in- 
sula to  the  region  of  the  posterior  end  of  the  lateral  fissure,  and  thence  it  curves  down- 
wards and  forwards  to  the  cortex  of  the  temporal  lobe.  Some  of  its  fibres  extend  to 
the  cortex  of  the  temporal  pole.  The  occipital  portion  consists  of  a  loose  bundle  given 
off  from  the  region  of  the  downward  curve,  which  radiates  thence  to  the  occipital 
cortex. 

(5)  The  inferior  longitudinal  fasciculus  connects  the  temporal  and  occipital 
lobes  and  extends  along  the  whole  length  of  these  lobes  parallel  with  their  tentorial 
surfaces.  Posteriorly  it  courses  lateral  to  the  lower  part  of  the  occipito-thalamic 
radiation,  from  which  it  differs  by  the  fact  that  its  fibres  are  less  compactly  arranged. 

(6)  The  medial  and  lateral  longitudinal  striae  of  the  upper  surface  of  the  corpus 
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callosum  may  be  considered  among  the  association  pathways,  since  they  extend  be- 
tween the  grey  substance  of  the  hippocampus  (dentate  gyrus)  and  the  subcallosal 
gyrus  of  the  same  hemisphere. 

(7)  Likewise  the  longitudinal  fibres  in  the  stria  terminalis  of  the  thalamus 
(taenia  semicircularis)  may  be  considered  among  the  association  pathways,  since  these 
connect  the  amygdaloid  nucleus  with  the  anterior  perforated  substance. 

(8)  The  numerous  fibres  passing  in  both  directions  between  the  cerebral  cortex 
and  the  nuclei  of  the  corpus  striatum  belong  to  the  association  system.  These  do  not 
form  a  definite  bundle,  but,  instead,  contribute  appreciably  to  the  corona  radiata. 
However,  a  pathway  described  as  the  occipitofrontal  fasciculus  probably  consists 
largely  of  the  more  sagittally  running  fibres  of  this  nature.  The  existence  of  this 
fasciculus  has  been  noted  in  degenerations  and  in  cases  of  arrested  development  of  the 
corpus  callosum.  Its  fibres  are  described  as  contributing  greatly  to  the  tapetum,  and 
as  coursing  immediately  next  to  the  ependyma  of  the  lateral  ventricle.  As  a  mass, 
they  appear  in  intimate  connection  with  the  caudate  nucleus,  and  are  spread  towards 
both  the  frontal  and  the  occipital  lobes  (chiefly  the  latter),  in  the  mesial  part  of  the 
corona  radiata  of  those  lobes. 

(9)  Since  the  olfactory  bulb  is  a  part  of  the  hemisphere  proper,  the  olfactory 
tract  may  be  considered  an  association  pathway  connecting  the  olfactory  bulb  with 
the  parolfactory  area,  the  subcallosal  gyrus,  the  anterior  perforated  substance,  and 
the  uncus.  As  already  shown,  a  portion  of  the  fibres  of  the  tract  belongs  to  the 
commissural  system. 

THE  FUNCTIONAL  AREAS  OF  THE  CEREBRAL  CORTEX 

The  known  areas  of  specific  function  of  the  human  cerebral  cortex  'are  relatively  small  (fig. 
644).  They  comprise  but  little  more  than  a  third  of  the  area  of  the  entire  hemisphere.  They 
are — (1)  the  area  of  general  sensibility  or  the  somassthetic  area,  and  (2)  the  areas  for  the  organs 
of  special  sense.  They  represent  portions  of  the  cortex  in  which  terminate  sensory  or  ascending 
projection  fibres  bearing  impulses  from  the  given  peripheral  structures,  and  in  which  arise  motor 
or  descending  projection  fibres  bearing  impulses  in  response. 

Knowledge  of  the  location  of  the  areas  has  been  obtained — (1)  by  the  Flechsig  method  of 
investigation,  and  to  a  considerable  extent  by  Flechsig  himself;  (2)  from  clinico-pathological 
observations,  largely  studies  of  the  phenomena  resulting  from  brain  tumors  and  traumatic 
lesions;  (3)  by  experimental  excitation  of  the  cortex  of  monkeys  and  apes,  the  resulting  phe- 
nomena being  correlated  with  the  anatomical  findings  and  compared  with  the  observations  upon 
the  human  brain.  The  remaining  larger  and  less  known  areas  of  the  cortex  are  referred  to  as 
'association  centres'  or  areas  of  the  'higher  psychic  activities.' 

In  development,  the  sensory  fibres  to  the  specific  areas  acquire  their  medullary  sheaths 
first,  before  birth,  and  then  the  respective  motor  fibres  from  each  become  medullated.  It  is 
not  till  a  month  after  birth  that  the  association  centres  show  medullation  and  therefore  acquire 
active  functional  connection  with  the  specific  areas. 

In  defining  an  area  it  is  not  claimed  that  all  the  fibres  bearing  a  given  type  of  impulse  terminate 
in  that  area,  nor  that  all  the  motor  fibres  leading  to  the  given  reaction  originate  in  the  area. 
It  can  only  be  said  that  of  the  fibres  concerned  in  a  given  group  of  reactions,  more  terminate  and 
arise  in  the  given  area  than  in  any  other  area  of  the  cortex.  The  corresponding  motor  fibres 
arise  both  in  the  region  of  the  termination  of  the  sensory  fibres  (sensory  area)  and  also  in  a  zone 
(motor  area)  either  partially  surrounding  or  bordering  upon  a  part  of  the  region  of  termination. 

The  different  areas  are  as  follows :  — 

(1)  The  somaesthetic  (sensory-motor)  area,  the  area  of  general  sensibility,  and  the  area  in 
which  arise  the  larger  part  of  the  cerebral  motor  or  pyramidal  fibres  for  the  cortical  control 
of  the  general  muscular  system.  As  is  to  be  expected,  it  is  the  largest  of  the  specific  areas.  It 
includes  the  anterior  central  gyrus,  posterior  central  gyrus,  the  posterior  ends  of  the  superior, 
middle,  and  inferior  frontal  gyri,  the  paracentral  lobules,  and  the  upper  portion  of  the  adjacent 
part  of  the  gyrus  cinguli.  The  ascending  or  sensory  fibres  are  said  to  terminate  most  abundantly 
in  the  part  posterior  to  the  central  sulcus  (Rolandi),  the  posterior  central  gyrus  being  the  special 
area  of  cutaneous  sensibility,  and  the  adjacent  anterior  ends  of  the  horizontal  parietal  gyri  have 
been  designated  as  the  area  of  'muscular  sense.'  Both  these  areas  are  carried  over  upon  the 
medial  surface  to  involve  the  lower  part  of  the  paracentral  lobule  and  a  part  of  the  gyrus  cinguli. 
The  anterior  central  gyrus  gives  origin  to  relatively  more  motor  fibres  than  the  other  portions  of 
the  somsesthetic  area.  In  distribution,  the  muscles  furthest  away  from  the  cortex  are  innervated 
from  the  most  superior  part  of  the  area,  the  leg  area  being  in  the  supero-mesial  border  of  the 
hemisphere,  while  that  from  the  head  is  in  the  anterior  and  inferior  part  of  the  area  (fig.  644).  The 
muscles  of  mastication  and  the  laryngeal  muscles  are  controlled  from  the  fronto-parietal  oper- 
culum. Broca's  convolution  of  the  left  side  constitutes  the  especial  area  of  speech,  and  Mills 
has  extended  this  area  to  include  the  supero-anterior  portion  of  the  insula  below. 

(2)  The  visual  area. — The  especial  sensory  portion  of  this  area  is  that  immediately  border- 
ing upon  either  side  of  the  posterior  part  of  the  calcarine  fissure.  The  entire  area,  motor  and 
sensory  overlapping  each  other,  includes  the  whole  of  the  cuneus.  The  motor  visual  area  proper 
is  described  as  the  more  peripheral  portion  of  the  entire  area.  In  addition,  there  is  a  small  area 
producing  eye  movements  situated  in  the  posterior  end  of  the  middle  frontal  gyrus — an  anterior 
extension  of  the  somsesthetic  area. 
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(3)  The  auditory  (cochlear)  area  comprises  the  middle  third  of  the  superior  temporal 
gyrus  and  the  transverse  temporal  gyri  of  the  temporal  operculum.  The  motor  portion  of  this 
area  lies  in  its  inferior  border.  The  fibres  arising  in  the  area  course  outwards  in  the  temporal 
pontile  path  to  the  motor  nuclei  of  the  medulla. 

(4)  The  olfactory  area  consists  of  the  olfactory  trigone,  the  parolfactory  area,  the  sub- 
callosal gyrus,  part  of  the  anterior  perforated  substance,  the  hippocampus  (especially  the  uncus), 
and  the  callosal  half  of  the  gyrus  cinguli.  Its  motor  or  efferent  area  lies  chiefly  in  the  hippo- 
campal  gyrus,  the  fibres  from  which  pass  out  from  the  telencephalon  by  way  of  the  fornix. 

(5)  The  gustatory  area  comprises  the  anterior  portion  of  the  fusiform  gyrus  and  the  zone 
(motor  portion)  about  the  anterior  extremity  of  the  inferior  temporal  sulcus. 

(6)  The  association  centres. — The  relatively  large  areas  allotted  at  present  to  the  so-called 
higher  psychic  activities  are  indicated  in  fig.  644.  The  great  relative  extent  of  these  is  one  of 
the  characteristics  of  the  human  brain.  They  probably  merely  represent  the  portions  of  the 
cortex  of  which  little  is  known,  and  may  eventually  be  subdivided  into  more  specific  areas.  They 
are  considered  to  be  connected  with  the  structures  below  by  fewer  projection  fibres  than  are  the 
recognised  sense  areas  named  above,  while,  on  the  other  hand,  they  are  rich  in  association  fibres. 
By  means  of  the  latter  they  are  in  intimate  connection  with  the  specific  areas  and  have  abundant 
means  of  exercising  a  controlling  influence  upon  the  functions  of  these  areas.  According  to 
Flechsig,  they  consist  of — (1)  a  parietal  association  centre,  comprising  that  part  of  the  parietal 
cortex  between  the  somsesthetic  area  and  the  visual  area;  (2)  an  occipitotemporal  association 
centre,  including  the  unspecified  portions  of  the  temporal  ,  lobe  and  the  adjoining  portion  of  the 
occipital  lobe  not  included  in  the  visual  area:  (3)  a  frontal  association  centre,  including  all  the 
frontal  lobe  anterior  to  the  somsesthetic  and  olfactory  areas.  In  the  folds  of  the  inferior  parietal 
lobule  of  the  parietal  association  centre  such  intellectual  activities  as  the  optic  discrimination 
of  words,  letters,  numbers,  and  objects  generally  are  supposed  to  take  place,  while  the  superior 
parietal  lobule  is  the  general  region  for  the  perception  of  form  and  solidity  of  objects — the  stere- 
ognostic  centre.  To  a  portion  of  the  middle  temporal  gyrus  has  been  attributed  the  faculty  of  the 
auditory  discrimination  of  words  and  sounds  and  the  association  of  objects  with  their  names. 


GENERAL  SUMMARY  OF  SOME  OF  THE  PRINCIPAL  CONDUCTION 
PATHS  OF  THE  NERVOUS  SYSTEM 

In  the  following  summary  the  arabic  numerals  indicate  paragraphs  in  which  are  mentioned 
the  nuclei  or  ganglia  containing  the  cell-bodies  of  the  neurones  interposed  in  the  chains;  the 
small  letters  indicate  the  different  names  given  to  the  different  levels  of  the  pathways  through 
which  their  fibres  run.  For  detailed  descriptions  of  either  nuclei  or  pathways  see  pages  describing 
them.    Only  the  more  common  connections  are  mentioned  here. 

I.  The  Cerebro-spinal  Path 

A.  The  ascending  system  of  neurones. 

1.  Spinal  ganglion — neurone  of  first  order. 

(a)  Terminal  corpuscles  and  peripheral  process  of  T-fibre. 

(b)  Dorsal  or  afferent  root  of  spinal  nerve. 

(c)  Ascending  branch  of  bifurcation  of  dorsal  root  fibre  in  fasciculus  gracilis, 

or  fasciculus  cuneatus  of  spinal  cord. 

2.  Nucleus  of  fasciculus  gracilis  or  nucleus  of  fasciculus  cuneatus  in  medulla  oblongata — 

neurone  of  second  order. 

(a)  Internal  arcuate  fibres. 

(b)  Decussation  of  lemniscus. 

(c)  Interolivary  stratum  of  lemniscus  of  opposite  side. 

(d)  Medial  lemniscus. 

3.  Hypothalamic  nucleus  and  lateral  nucleus  of  thalamus — neurone  of  third  order. 

(a)  Internal  capsule,  anterior  part  of  its  occipital  portion. 

(b)  Corona  radiata,  fronto-parietal  part. 

(c)  Somsesthetic  area  of  cerebral  cortex. 

B.  Descending  system  of  neurones  (fig.  647). 

1.  Giant  pyramidal  cells  of  somsesthetic  area. 

(a)   Corona  radiata,  fronto-occipital  part. 

(6)    Internal  capsule,  genu  and  anterior  part  of  occipital  portion. 

(c)  Basis  of  the  cerebral  peduncle  and  the  peduncle. 

(d)  Pyramid  of  medulla  oblongata. 
(e1)  Decussation  of  pyramids. 

(/')  Lateral  cerebro-spinal  fasciculus  (crossed  pyramidal  tract). 
(e2)  Ventral  cerebro-spinal  fasciculus  (direct  or  uncrossed  pyramidal  tract), 
(f )  Gradual  decussation  of  latter  in  cervical  and  upper  thoracic  regions  of  spinal 
cord. 

2.  Cells  of  ventral  horn  of  spinal  cord  of  opposite  side. 

(a)  Ventral  or  efferent  roots  of  spinal  nerves. 

(b)  Peripheral  nerve-trunks  direct  ly  to  muscles  or  indirectly  by  way  of  sympathetic 

neurones. 

II.  Short  'Reflex'  Paths  of  Spinal  Cord 

1.  Spinal  ganglia. 

(a)  Terminal  corpuscles  and  peripheral  process  of  T-fibre. 

(b)  Dorsal  root  of  spinal  nerve. 
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(c)  Collaterals  and  descending  branches  of  bifurcation  of  dorsal  root  fibres  in  spinal 

cord. 

(d)  Directly  to  ventral  horn  cells  of  same  level  of  spinal  cord. 

(e)  Or  to  same  through  intermediation  of  Golgi  cell  of  type  II. 

(/)  Or  to  neurones  of  fasciculi  proprii  to  ventral  horn  cells  of  other  levels  of  spinal  cord. 


FASCICULUS  CUNEATUS 


 FASCICULUS  GRACILIS 

\ 


SPINAL  GANGLIA 


2.  Ventral  horn  cells  of  same  and  opposite  side  and  thence  by  way  of  ventral  roots  and 
peripheral  nerve  trunks  directly  to  muscles  or  indirectly  through  sympathetic. 
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III.  Cerebral  Path  for  the  Cranial  Nerves  Exclusive  of  Those  of  Special  Sense 

A.  Ascending  system  oj  neurones. 

1.  Ganglia  of  origin  of  sensory  components  of  vagus,  glossopharyngeus,  pars  intermedia 
of  facial,  and  trigeminus.  . 

(a)  Peripheral  arborisations  and  afferent  peripheral  branches  of  T-fibres  of  same. 
(6)  Central  branches  of  T-fibres  of  same. 

2.  Nuclei  of  termination  of  central  branches  (bifurcated  and  unbifurcated)  in  medulla 

oblongata. 

(a)  Reticular  formation  and  medial  lemniscus  of  same  and  (chiefly)  the  opposite 
side.  i 

3.  Hypothalamic  nucleus  and  lateral  nucleus  of  thalamus. 

(a)  Internal  capsule,  anterior  part  of  occipital  portion. 

(b)  Corona  radiata,  fronto-parietal  part. 

(c)  Somaesthetic  area  of  cortex  cerebri. 

B.  Descending  system  of  neurones. 

1.  Pyramidal  cells  of  somaesthetic  area. 

(a)  Corona  radiata,  fronto-parietal. 

(b)  Internal  capsule,  genu  chiefly. 

(c)  Basis  of  cerebral  peduncle  and  peduncle. 

(d)  Accessory  lemniscus  of  von  Becnterew. 

2.  Nuclei  of  origin  of  motor  cranial  nerves  and  motor  components  of  mixed  cranial 

nerves,  and  thence  by  way  of  these  nerves  to  the  respective  muscles  supplied. 


IV.  The  Short  '  Reflex  '  Paths  of  the  Cranial  Nerves 

These  consist  of  the  central  branches  of  their  afferent  or  sensory  fibres,  terminating  in  the  nuclei 
of  origin  of  both  their  own  motor  components  and  in  the  nuclei  of  origin  of  other  motor  nerves. 
Fibres  to  the  more  distant  nuclei  pass  to  them  by  way  of  the  medial  longitudinal  fasciculus. 
Instead  of  terminating  in  the  motor  nuclei  directly,  the  sensory  fibres  are  frequently  interrupted 
by  a  third  or  intermediate  neurone  interposed  in  the  chain.  The  vagus  and  glosso-pharyngeus 
are  connected  by  way  of  the  solitary  fasciculus  and  its  nucleus  with  the  structures  below  their 
level  of  entrance,  probably  even  with  the  ventral  horn  cells  of  the  upper  segments  of  the  cervical 
cord,  and  through  these  with  the  muscles  of  respiration. 


V.  Conduction  Paths  Involving  the  Cerebellum 

A.  Ascending  cerebellar  pathways. 

1.  Spinal  ganglia. 

(a)  Dorsal  roots  of  spinal  nerves. 

(b)  Collaterals  and  descending  branches  of  bifurcation  of  dorsal  root  fibres  in 

spinal  cord. 
2x.  Dorsal  nucleus  (Clarke's  column). 

(a)  Cerebello-spinal  fasciculus  (direct  cerebellar  tract). 

(b)  Restiform  body  (inferior  cerebellar  peduncle) — 

(c)  Joined  in  medulla  by  external  arcuate  fibres  (crossed  and  uncrossed  fibres 

arising  in  nuclei  of  funiculus  gracilis  and  cuneatus); 

(d)  Joined  in  medulla  by  fibres  arising  in  nuclei  of  termination  of  afferent  vagus, 

glosso-pharyngeal,  vestibular,  and  trigeminal  nerves; 

(e)  Joined  by  fibres  both  to  and  from  (ascending  and  descending)  the  inferior 

olivary  nucleus  of  the  same  and  opposite  sides  (cerebello-olivary  fibres). 
2y.  Nerve-cells  in  base  of  ventral  horn  of  same  and  opposite  side. 

(a)  Antero-lateral  cerebello-spinal  fasciculus  (Gowers'  tract),  ascending  through 

spinal  cord  and  reticular  formation  of  medulla  and  pons. 
(6)  Anterior  medullary  velum  and  brachium  conjunctivum  to  cerebellar  cortex 

(vermis)  (fig.  606). 

3.  Cerebellar  cortex  (vermis),  dentate  nucleus,  nucleus  fastigii,  nucleus  emboliformis, 

and  nucleus  globosus. 

(a)  White  substance  (corpus  medullare)  of  cerebellum,  associating  various  regions 

of  its  cortex  and  its  nuclei  with  each  other. 

(b)  Brachium  conjunctivum  (superior  cerebellar  peduncle)  arising  chiefly  from 

dentate  nucleus  and  Cortex  vermis. 

(c)  Decussation  of  brachium  conjunctivum. 

4.  Red  nucleus  and  ventral  portion  of  lateral  nucleus  of  thalamus.    Some  fibres  of  the 

brachium  conjunctivum  terminate  in  the  red  nucleus;  many  merely  give  off 
collaterals  to  it  in  passing  to  their  termination  in  the  thalamus.  Most  of  the 
ascending  fibres  arising  in  the  red  nucleus  also  terminate  in  the  ventral  part 
of  the  thalamus. 

(a)  Internal  capsufeJ,  middle  third,  and  fronto-parietal  part  of  corona  radiata. 

(b)  Somaesthetic  area  of  cerebral  cortex  and  probably  cortex  of  frontal  lobe 

anterior  to  it. 

(c)  Inferior  peduncle  of  thalamus  to  cortex  of  temporal  lobe. 

B.  Descending  cerebro-cerebellar  paths. 

1.  Pyramidal  cells  of  soma?sthetic  area  send  fibres  through  corona  radiata,  internal 
capsule,  and  cerebral  peduncle  to  nuclei  of  pons  and  arcuate  nucleus  of  same  and 
opposite  side. 
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Cells  of  cortex  of  posterior  part  of  frontal  lobe  give  fibres  to  form  frontal  pontile 
path  through  frontal  parts  of  corona  radiata  and  internal  capsule  and  through 
medial  part  of  cerebral  peduncle  to  nuclei  of  pons. 


Fig.  647. — Scheme  of  Descending  Cerebrospinal  Conduction  Pathways. 


3.  Cells  of  cortex  of  temporal  lobe  (two  upper  gyri)  give  fibres  to  form  temporal  pontile 
path  which  passes  under  the  lenticular  nucleus  into  lower  part  of  occipital  portion 
of  internal  capsule  and  outer  part  of  cerebral  peduncle  to  nuclei  of  pons. 
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4.  Cells  of  nuclei  of  pons  send  fibres  by  way  of  brachium  pontis  (middle  cerebellar 
peduncle)  to  cortex  of  cerebellar  hemisphere,  probably  of  opposite  side  to  that  of 
the  origin  of  the  cerebral  fibres  connecting  with  the  cells  (fig.  606 J. 
C.  Descending  cerebellospinal  paths. 

1.  From  cells  of  nucleus  fastigii  and  probably  from  other  nuclei  and  from  cortex  of 
cerebellum,  of  same  and  opposite  sides,  into  anterior  marginal  fasciculus  of  spinal 
cord  (fig.  571),  and  thence  to  the  cells  of  the  anterior  horn. 


Fig.  648. — Scheme  of  Principal  Ascending  Cerebellar  Conduction  Paths. 
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Probably  connected  with  the  cerebellum  is  the  pathway  arising  in  the  red  nucleus 
of  the  opposite  side  and  from  the  lateral  vestibular  nucleus  (Deiters'  nucleus)  of 
the  same  side  and  descending  in  the  intermediate  bundle  of  the  lateral  funiculus 
of  the  spinal  cord  (fig.  571).  The  part  from  the  red  nucleus  (rubro-spinal  tract) 
decussates  in  the  ventral  portion  of  the  tegmentum  of  the  mesencephalon  and 
passes  through  the  medulla  oblongata  in  the  medial  longitudinal  fasciculus, 
while  that  from  Deiters'  nucleus  traverses  the  medulla  in  the  reticular  formation. 
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VI.  The  Auditory  Conduction  Paths 

A.  Vestibular  division  (vestibular  nerve). 

1.  Vestibular  ganglion  gives  origin  to  the  peripheral  utricular  and  three  ampullar 

branches  and  to  the  combined  and  centrally  directed  vestibular  nerve. 

2.  Lateral  vestibular  nucleus  (Deiters'),  medial  nucleus,  superior  nucleus,  and  nucleus 

of  descending  vestibular  root  (nuclei  of  termination)  give  origin  to  fibres  as 
follows : — 

(a)  From  lateral  and  superior  nuclei  to  nucleus  fastigii  of  opposite  side  and  to 

cortex  of  vermis  and  to  dentate  nucleus  (cerebellar  connection). 

(b)  From  medial  and  superior  nuclei  to  nuclei  of  origin  of  eye-muscle  nerves  of 

same  and  opposite  sides,  by  way  of  medial  longitudinal  fasciculi. 

(c)  From   lateral  nucleus  and  nucleus   of  descending   root   through  reticular 

formation  into  lateral  funiculus  of  spinal  cord. 

(d)  It  is  probable  that  all  the  nuclei  of  termination  give  off  fibres  bearing  ascending 

impulses  which  ultimately  reach  the  somsesthetic  area,  but  the  course 
pursued  and  neurones  involved  in  such  a  chain  are  uncertain. 


Fig.  649. — Diagram  Showing  Some  of  the  Connections  of  the  Acoustic  Nerve. 
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B.  Cochlear  division  (cochlear  nerve).  .    , 

1.  Spiral  ganglion  of  the  cochlea  gives  origin  to  short  peripheral  fibres  to  organ  of 
Corti,  and  to  the  centrally  directed  cochlear  nerve  _ 

2  Dorsal  and  ventral  nuclei  of  the  cochlear  nerve  (nuclei  of  termination). 

(a)  Stria?  medullares  arise  from  dorsal  nucleus  and  pass  around  outer  side  of  resti- 

form  body  (acoustic  tubercle),  then  median  wards  under  ependyma  of  floor 
of  fourth  ventricle  to  mid-line,  then  ventralwards  into  tegmentum,  where 
it  decussates  and  joins  trapezoid  body  to  lateral  lemniscus  of  opposite  side. 

(b)  Fibres  arising  in  ventral  nucleus  pass  ventrally  medianwards   and  some 

terminate  in  the  superior  olivary  nucleus  of  same  side;  others  pass  by  way  of 
trapezoid  body  and  lateral  lemniscus  to  terminate  in  superior  olivary 
nucleus,  nucleus  of  lateral  lemniscus,  medial  geniculate  body  and  nucleus  of 
inferior  quadrigeminate  body  of  the  opposite  side.  . 

3  Nuclei  of  superior  olivls  of  both  sides  and  nucleus  of  lateral  lemniscus  send  fibres 

by  way  of  lateral  lemniscus  to  inferior  quadrigeminate  body  and  through  inferior 
brachium  to  medial  geniculate  body,  and  some  may  pass  uninterrupted,  even  to 
the  cortex  of  the  temporal  lobe. 
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4.  Fibres  from  medial  geniculate  body  and  nucleus  of  inferior  quadrigeminate  body 

pass  into  internal  capsule  and  through  temporal  part  of  corona  radiata  to  middle 
third  of  superior  temporal  gyrus  and  adjacent  portions  (auditory  area). 

5.  From  superior  olivary  nucleus  arise  fibres  which  terminate  in  nucleus  of  abducens 

or  pass  by  way  of  the  medial  longitudinal  fasciculus  to  other  motor  nuclei  of 
cranial  nerves  (peduncle  of  superior  olive).  It  is  probable  that  fibres  from  the 
auditory  area  of  the  cerebral  cortex  are  also  distributed  to  nuclei  of  the  cranial 
nerves. 

VII.  Conduction  Paths  of  the  Optic  Apparatus 

1.  'Bipolar'  cells  of  retina  with  short  (peripheral)  processes  to  layer  of  rods  and  cones  (neuro- 
epithelium)  and  short  centrally  directed  processes  to  ganglion-cell  layer  of  retina 
(nucleus  of  termination). 

Fig.  650. — Diagram  of  Principal  Pathways  of  Optic  Apparatus.    (After  Cunningham.) 


2.  Ganglion-cells  of  retina  give  origin  to — 

(a)  Optic  stratum  of  retina. 

(b)  Optic  nerve. 

(c)  Optic  chiasma;  fibres  from  nasal  side  of  retina  cross  in  chiasma  to  opposite  side; 
fibres  from  lateral  side  of  retina  continue  on  same  side  in — 

(d)  Optic  tract  to — 

3.  Pulvinar  of  thalamus,  lateral  geniculate  body,  and  nucleus  of  superior  quadrigeminate 

bodies. 

(a)  Fibres  from  nucleus  of  superior  quadrigeminate  bodies  pass  ventrally  to  medial 

longitudinal  fasciculus  of  same  and  opposite  sides,  and  from  it  are  distributed 

to  nuclei  of  origin  of  eye-muscle  nerves. 
(6)  Fibres  from  lateral  geniculate  body  and  pulvinar  pass  through  occipital  portion 

of  internal  capsule  and  occipito-thalamic  radiation  (optic  radiation)  to  cortex  of 

occipital  lobe  (visual  area). 

4.  Cells  of  visual  area  of  cortex  send  fibres  through  occipito-thalamic  radiation  and  internal 

capsule  to  nucleus  of  superior  quadrigeminate  bodies  (occipito-mesencephalic  fasciculus), 
and  thence,  probably  interrupted  by  cells  of  this  nucleus,  to  nuclei  of  eye-muscle  nerves. 

5.  Cells  of  nucleus  of  superior  quadrigeminate  body  and  pulvinar  send  fibres  by  way  of  medial 

longitudinal  fasciculus  into  lateral  and  ventral  funiculi  of  spinal  cord  (see  fig.  571), 
chiefly  of  the  opposite  side.  Fibres  from  the  quadrigeminate  body  cross  mid-line  in 
decussation  of  'optic-acoustic  reflex  path'  (fig.  611). 
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VIII.  Conduction  Paths  of  Olfactory  Apparatus 

1.  Bipolar  cells  of  olfactory  region  of  nasal  epithelium  send  short  (peripheral)  processes 

towards  surface  of  nasal  cavity  and  centrally  directed  processes,  the  olfactory  nerve, 
through  lamina  cribrosa  of  ethmoid  bone  into  olfactory  bulb  (glomerular  layer). 

2.  'Mitral  cells'  of  olfactory  bulb  give  fibres  which  form — 

(a)  The  olfactory  tract  which  divides  into — 

(b)  Medial  olfactory  stria  through  which  fibres  pass — (1)  into  parolfactory  area  (Broca's 
area);  (2)  into  subcallosal  gyrus;  and  (3)  by  way  of  anterior  cerebral  commis- 
sure to  olfactory  bulb  of  opposite  side. 

(c)  Intermediate  olfactory  stria  to  anterior  perforated  substance. 

(d)  Lateral  olfactory  stria,  which  terminates  to  some  extent  in  anterior  perforated 
substance,  but  chiefly  in  uncus,  hippocampal  gyrus,  and  gyrus  cinguli  (olfactory 
area). 

3.  Cells  of  uncus  and  hippocampal  gyrus  give  fibres  which  form — 

(a)  The  cingulum  (in  part),  by  which  they  are  associated  with  the  cortex  of  the  gyrus 

cinguli,  the  subcallosal  gyrus,  and  the  anterior  perforated  substance. 

(b)  The  hippocampal  commissure  (in  part),  by  which  they  are  connected  with  the  grey 

substance  of  the  opposite  side. 

(c)  The  fornix,  which,  interrupted  in  part  in  the  nuclei  of  the  corpus  mammillare, 

conveys  impulses — (1)  to  the  anterior  nucleus  of  thalamus  of  the  same  and  opposite 
sides  (thalamo-mammillary  fasciculus),  and  (2)  into  the  cerebral  peduncle  and 
substantia  nigra  (pedunculo-mammillary  fasciculus),  and  by  way  of  this  peduncle 
probably  to  the  nuclei  of  the  mesencephalon  and  medulla  oblongata. 


The  Relations  of  the  Brain  to  the  Walls  of  the  Cranial  Cavity 

The  precise  methods  by  which  the  exact  positions  of  the  most  important  fissures,  sulci, 
gyri,  and  areas  can  be  ascertained  and  mapped  out  on  the  surface  of  the  head  in  the  living  subject 
are  fully  described  in  Section  XIII.  Here,  only  a  very  general  survey  of  the  relations  of  the 
brain  to  the  cranial  bones  is  given  and  from  a  purely  anatomical  standpoint. 

The  parts  of  the  brain  which  lie  in  closest  relation  with  the  walls  of  the  cranial  cavity  are 
the  olfactory  bulb  and  tract,  the  basal  and  lateral  surfaces  of  the  cerebral  hemispheres,  the  inferior 
surfaces  of  the  lateral  lobes  of  the  cerebellum,  the  ventral  surfaces  of  the  medulla  and  pons,  and 
the  hypophysis. 

Certain  of  these  portions  of  the  brain  lie  in  relation  with  the  basi-cranial  axis,  that  is,  with 
the  basi-occipital,  the  basi-sphenoid,  and  the  ethmoid  bones,  while  others  are  associated  with  the 
sides  and  vault  of  the  cranial  cavity.  Considering  the  former  portions  first,  the  ventral  surface 
of  the  medulla  oblongata,  which  is  formed  by  the  pyramids,  lies  upon  the  upper  surface 
of  the  basi-occipital  bone.  More  superiorly  the  ventral  surface  of  the  pons  rests  upon  the  basi- 
sphenoid,  from  which  it  is  partly  separated  by  the  basilar  artery  and  the  sixth  pair  of  cranial 
nerves.  In  front  of  the  dorsum  sellae  the  hypophysis  (pituitary  body)  is  lodged  in  the  pituitary 
fossa.  Still  further  forwards  the  olfactory  tracts  lie  in  grooves  on  the  upper  surface  of  the  pre- 
sphenoid  section  of  the  sphenoid  bone;  and  in  front  of  the  sphenoid  the  olfactory  bulbs  rest  upon 
the  cribriform  plates  of  the  ethmoid. 

Behind  and  lateral  to  the  posterior  part  of  the  foramen  magnum  the  lateral  lobes  of  the  cerebel- 
lum are  in  relation  with  the  cranial  wall,  resting  upon  the  lower  parts  of  the  supra-occipital  and 
the  posterior  parts  of  the  ex-occipital  portions  of  the  occipital  bone,  while  anteriorly  each  lobe  is 
in  relation  with  the  inner  surface  of  the  mastoid  process  and  the  posterior  surface  of  the  petrous 
portion  of  the  temporal  bone.  The  area  of  the  skull  wall  which  is  in  close  relationship  with  the 
cerebellar  hemispheres  may  be  indicated,  on  the  external  surface  of  the  skull,  by  a  line  which  com- 
mences at  the  lower  part  of  the  external  occipital  protuberance  and  thence  runs  upwards  and 
outwards.  It  crosses  the  superior  curved  line  a  little  beyond  its  centre,  and,  continuing  in  the 
same  direction,  crosses  the  lower  part  of  the  lambdoid  suture  and  reaches  a  point  directly  above 
the  asterion  (the  meeting-point  of  the  occipital,  temporal,  and  parietal  bones);  thence  it  descends, 
just  in  front  of  the  occipito-mastoid  suture,  to  the  tip  of  the  mastoid  process,  and  there  turns 
inwards  to  its  termination  at  the  margin  of  the  foramen  magnum,  immediately  behind  the 
posterior  end  of  the  occipital  condyle. 

The  basal  surface  of  each  cerebral  hemisphere  may  be  said  to  consist  of  two  parts,  an  anterior 
and  a  posterior,  separated  by  the  stem  of  the  lateral  fissure.  The  anterior  part,  formed  by  the  orbi- 
tal surface  of  the  frontal  lobe,  rests  upon  the  upper  surfaces  of  the  orbital  plate  of  the  frontal 
bone  and  the  lesser  wing  of  the  sphenoid.  It  is,  therefore,  in  close  relation  with  the  upper  wall  of 
the  orbital  cavity.  The  posterior  part,  behind  the  stem  of  the  lateral  fissure,  is  formed  by  the 
anterior  portion  of  the  temporal  lobe,  including  its  apex.  The  apex  itself  projects  against  the  orbital 
plate  of  the  great  wing  of  the  sphenoid  bone,  and  it  is  in  relationship  with  the  posterior  part  of  the 
outer  wall  of  the  orbit.  The  basal  surface  of  the  hemisphere,  behind  the  apex  of  the  temporal 
lobe,  is  in  contact  with  the  upper  surfaces  of  the  great  wing  of  the  sphenoid  and  the  petrous  part 
of  the  temporal  bone. 

The  convex  surfaces  of  the  cerebral  hemispheres  have  the  most  extensive  relationships  with 
the  cranial  wall,  and  it  is  more  especially  to  these  surfaces  that  the  practical  surgeon  turns  his 
attention.  The  general  area  in  which  the  convex  surface  of  each  cerebral  hemisphere  is  in  relation 
with  the  skull  bones  is  readily  indicated  by  a  series  of  lines  which  correspond  with  the  positions 
of  its  superciliary,  infero-lateral,  and  supero-mesial  borders. 

The  line  marking  the  superciliary  margin  of  the  hemisphere  commences  at  the  nasion  (the 
mid-point  of  the  fronto-nasal  suture);  it  passes  outwards  above  the  superciliary  ridge,  crosses 
the  temporal  ridge,  then,  turning  backwards  in  the  temporal  fossa,  it  reaches  the  parieto-sphe- 
noidal  suture,  and  continues  backwards  along  it  to  its  posterior  extremity. 
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The  line  marking  out  the  infero-lateral  border  commences  at  the  posterior  ena  01  the  parieto- 
sphenoidal  suture,  whence  it  passes  downwards,  in  front  of  the  spheno-squamous  suture,  to  the 
infra-temporal  crest  (pterygoid  ridge);  there  it  turns  backwards  and,  running  parallel  with  and 
internal  to  the  zygomatic  arch,  it  crosses  the  root  of  the  zygoma,  and,  ascending  slightly,  it  passes 
above  the  external  auditory  meatus.  Continuing  backwards  with  an  inclination  upwards  it 
reaches  a  point  immediately  above  the  asterion;  thence  it  descends,  and,  crossing  the  lower 
part  of  the  lambdoid  suture  and  the  superior  curved  line,  it  passes  inwards  to  the  lower  part  of  the 
external  occipital  protuberance. 

The  supero-mesial  border  of  the  hemisphere  is  defined  by  a  line  which  runs  from  the  nasion 
to  the  inion.  This  line  should  be  drawn  about  5  mm.  to  the  outer  side  of  the  sagittal  suture, 
because  the  mesial  area  is  occupied  by  the  superior  sagittal  sinus,  and  it  should  be  further  away 
from  the  middle  line  on  the  right  than  on  the  left  side,  because  the  sinus  tends  to  lie  more  to  the 
right  side. 

The  area  of  the  skull  wall  enclosed  by  the  three  lines  which  mark  the  positions  of  the  super- 
ciliary, infero-lateral,  and  the  supero-mesial  borders  of  the  cerebral  hemisphere  is  formed  by  the 
vertical  plate  of  the  frontal  bone,  the  parietal  bone,  the  great  wing  of  the  sphenoid,  the  squamous 


Fig.  651. — Drawing  of  a  Cast  of  the  Head  of  an  Adult  Male. 
(Prepared  by  Professor  Cunningham  to  illustrate  cranio-cerebral  topography.) 
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part  of  the  temporal,  and  the  upper  section  of  the  supra-occipital  segment  of  the  occipital  bone. 
It  covers  the  outer  surfaces  of  the  frontal,  parietal,  temporal,  and  occipital  lobes  and  the  fissures 
and  sulci  which  bound  and  mark  them. 

In  every  consideration  of  the  topographical  relations  of  the  cerebral  gyri  to  the  walls  of  the 
cranial  cavity  it  must  be  borne  in  mind  that  the  conditions  are  not  constant,  and  that,  therefore, 
the  relations  are  variable.  The  three  main  factors  upon  which  this  variability  depends  are  age, 
sex,  and  the  shape  of  the  skull.  As  examples  of  the  variations  which  occur  it  may  be  mentioned 
that  the  lateral  fissure  is  higher  in  the  child  than  in  the  adult  (compare  figs.  651  and  652).  The 
upper  end  of  the  central  sulcus  is  further  away  from  the  coronal  suture  in  the  female  and  in  the  child 
than  in  the  adult  male,  and  in  dolichocephalic  than  in  brachycephalic  heads.  The  angle  formed 
between  the  line  of  the  central  fissure  and  the  mid-sagittal  plane,  which  averages  about  68°  in 
the  adult,  is  more  acute  in  dolichocephalic  heads,  and  the  external  part  of  the  parieto-occipital 
fissure  is  further  forwards  in  the  child,  and  possibly  in  the  female,  than  it  is  in  the  adult  male. 

The  position  of  the  posterior  horizontal  limb  of  the  lateral  fissure  varies  even  in  the  adult. 
Its  posterior  part  is  always  under  cover  of  the  parietal  bone,  and  it  terminates  either  in  front  of 
or  below  the  parietal  eminence,  but  the  anterior  part  may  be  above,  parallel  with,  or  below  the 
squamo-parietal  suture.    In  the  adult  the  anterior  part  of  the  fissure  runs  upwards  and  backwards 
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from  the  posterior  end  of  the  spheno-parietal  suture  along  the  anterior  part  of  the  squamo- 
parietal  suture  to  its  highest  point;  thence  it  continues  in  the  same  direction  beneath  the  parietal 
bone  towards  the  lambda,  terminating  either  in  front  of  or  below  the  parietal  eminence.  In 
the  child,  however,  the  fissure  is  considerably  above  the  line  of  the  squamo-parietal  suture  (fig. 
652),  which  it  gradually  approaches,  attaining  its  adult  position  about  the  ninth  year.  This 
change  of  position,  which  occurs  during  the  first  nine  years,  is  due  partly  to  the  ascent  of  the 
sutural  fine  and  partly  to  the  descent  of  the  fissure  on  the  surface  of  the  brain. 

The  frontal  bone  always  covers  the  superior,  middle,  and  inferior  frontal  gyri,  except  their 
posterior  extremities,  which  are  beneath  the  parietal  bone  (fig.  651).  The  ascending  limb  (ramus 
anterior  ascendens)  of  the  lateral  fissure,  which  cuts  into  the  posterior  part  of  the  inferior  frontal 
gyrus,  runs  parallel  with  and  under  cover  of  the  lower  part  of  the  coronal  suture,  or  immediately 
in  front  of  it,  and  the  anterior  horizontal  limb  is  parallel  with  and  beneath  the  upper  margin  of  the 
great  wing  of  the  sphenoid.  The  parietal  bone  is  in  relation  with  the  convex  surfaces  of  four 
lobes  of  the  brain.  Speaking  very  generally,  it  may  be  said  that  the  anterior  third  covers  the 
posterior  part  of  the  frontal  lobe,  including  the  anterior  central  gyrus,  and  the  posterior  ends 
of  the  superior,  middle,  and  inferior  frontal  gyri  and  the  precentral  sulcus.  The  posterior  two- 
thirds  are  superficial  to  the  parietal  lobe,  the  posterior  part  of  the  temporal  lobe,  the  anterior 
part  of  the  occipital  lobe,  the  posterior  part  of  the  horizontal  limb  of  the  lateral  fissure,  the  upper 
and  lower  parts  of  the  post-central  sulcus,  the  interparietal  sulcus,  the  posterior  sections  of  the 
superior  and  middle  temporal  sulci,  and  the  external  part  of  the  parieto-occipital  fissure.  The 


Fig.  652. — Drawing  of  a  Cast  of  the  Head  of  a  Newly  Born  Male  Infant. 
(Prepared  by  Professor  Cunningham  to  illustrate  cranio-cerebral  topography.) 
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central  sulcus  is  beneath  the  parietal  bone  at  the  junction  of  its  middle  and  anterior  thirds  (fig. 
651). 

In  the  adult,  the  upper  end  of  the  central  sulcus  lies  55  per  cent,  of  the  whole  length  of  the 
naso-inionic  line  behind  the  nasion.  It  is  55  mm.  from  the  coronal  suture  in  dolichocephalic,  and 
54'4  mm.  in  brachycephalic,  heads.  The  lower  end  of  the  sulcus,  which  is  immediately  above 
the  posterior  horizontal  limb  of  the  lateral  fissure,  lies  beneath  the  point  of  intersection  of  the 
auriculo-bregmatic  line  with  a  line  drawn  from  the  stephanion  (the  point  where  the  temporal 
ridge  cuts  the  coronal  suture)  to  the  asterion.  In  skulls  of  a  sagittal  length  of  18  cm.  and  over, 
this  point  is  45"5  per  cent,  of  the  horizontal  arc  from  the  glabella  to  the  inion,  and  in  skulls  of  less 
than  18  cm.  it  is  46  per  cent,  of  the  same  arc  posterior  to  the  glabella. 

The  upper  end  of  the  parieto-occipital  fissure  usually  lies  about  5  mm.  in  front  of  the  lambda, 
and  the  course  of  the  fissure  may  be  indicated  by  a  line  drawn  from  5  mm.  in  front  of  the  lambda 
to  a  point  immediately  above  the  asterion,  and,  as  the  latter  point  corresponds  with  the  pre- 
occipital notch  on  the  infero-lateral  border  of  the  hemisphere,  the  line  in  question  will  indicate 
the  adjacent  margins  of  the  parietal,  temporal,  and  occipital  lobes. 

The  occipital  bone  is  in  close  relation  with  the  cerebellum,  as  already  pointed  out,  but  it 
also  covers  the  posterior  part  of  the  outer  surface  of  the  occipital  lobe  of  the  cerebral  hemisphere. 
The  great  wing  of  the  sphenoid  covers  the  outer  surface  of  the  apex  of  the  temporal  lobe,  and  the 
squamous  part  of  the  temporal  bone  covers  the  anterior  parts  of  the  superior,  middle,  and  inferior 
temporal  gyri  and  the  sulci  which  separate  them. 
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The  Blood  Supply  of  the  Encephalon 

The  double  origin  of  the  continuous  arterial  system  of  the  brain  given  by  the  confluence  of 
the  two  ventral  arteries  and  by  the  two  internal  carotid  arteries,  together  with  the  description 
of  the  general  distribution  of  the  different  cerebral,  mesencephalic,  and  cerebellar  arteries  into 
which  the  system  is  divided,  and  the  origin  and  course  of  the  corresponding  veins,  are  fully  dealt 
with  in  Section  V.  Here  attention  may  be  called  briefly  to  the  abundant  and  systematic  internal 
distribution  of  the  terminal  branches  of  the  system  and  their  intimate  arrangement  for  the  actual 
nourishment  of  the  nervous  tissues  within. 

The  general  plan  of  the  blood  supply  for  the  entire  encephalon  may  be  summarised  as  follows: 
— (1)  At  their  origin  the  different  arteries  are  so  connected,  directly  or  indirectly,  that  the  blood 
approaching  the  brain  by  way  of  the  vertebral  and  internal  carotid  arteries  is  practically  a  common 
supply  for  all  the  arteries  of  the  encephalon,  and  a  given  part  of  it  may  possibly  pass  into  any  one 
of  them.  (2)  In  the  pia  mater  of  each  division  of  the  encephalon  the  different  arteries  again  become 
connected  with  each  other  in  a  superficial,  freely  anastomosing  plexus,  continuous  throughout. 
(3)  From  this  plexus  of  the  surface,  naturally  composed  in  part  of  the  trunks  of  the  different  arteries 
themselves,  arise  branches  which  enter  directly  into  the  nervous  substance  and  which  break  up  into 
twigs  that  are  terminal;  i.e.,  twigs  that  do  not  anastomose  with  each  other.  (4)  The  arterial 
capillary  system  arising  from  the  terminal  twigs  passes  over  into  venous  capillaries  which 
converge  to  form  corresponding  venous  twigs  which  in  their  turn  pass  to  the  surface  and  join 
in  forming  a  peripheral,  anastomosing  venous  plexus  superimposed  upon  the  similar  arterial 


plexus.  (5)  From  this  venous  plexus  arise  the  different  veins  of  the  encephalon  which  may  or 
may  not  accompany  the  arteries  for  a  short  distance,  and  which  finally  empty  into  the  sinuses 
in  the  cranial  dura  mater.  These,  likewise  confluent,  empty  into  the  internal  jugular  veins. 
The  chorioid  plexuses  of  the  ventricles  of  the  brain  are  modifications  of  the  general  anastomosing 
peripheral  plexuses.  The  chorioid  plexuses  of  the  lateral  and  third  ventricles  are  derived  largely 
from  branches  of  the  arteria  chorioidea,  which  arises  separately  from  the  internal  carotid  artery. 

The  blood  supply  of  the  cerebrum  may  best  be  taken  as  an  illustration  of  the  general  plan 
of  the  blood-vascular  system  of  the  encephalon.  The  terminal  or  internal  branches  of  the 
surface  plexus,  derived  from  the  posterior,  middle,  and  anterior  cerebral  arteries,  are  arranged 
into  two  groups,  a  central  or  ganglionic  and  a  cortical  group.  The  central  or  ganglionic 
branches  themselves  form  four  groups  in  each  hemisphere : — 

(1)  The  antero-mesial  group  consists  of  terminal  branches  from  the  plexus  of  the  domain 
of  the  anterior  cerebral  artery,  which  pass  through  the  medial  part  of  the  anterior  perforated 
substance  and  supply  the  head  of  the  caudate  nucleus,  the  septum  pellucidum,  the  columns 
of  the  fornix,  and  the  lamina  terminalis. 

(2)  The  antero-lateral  group  consists  of  terminal  branches  from  the  domain  of  the  middle 
cerebral  artery.  These  pierce  the  anterior  perforated  substance  in  two  sub-groups — (a)  the 
internal  and  (6)  the  external  striate  arteries  (fig.  653).  The  internal  striate  arteries  pass 
through  the  segments  of  the  globus  pallidus  of  the  lenticular  nucleus  and  through  the  internal 
capsule,  to  both  of  which  they  give  branches,  and  they  terminate  in  the  caudate  nucleus  and 
thalamus.    The  external  striate  arteries  are  larger  and  more  numerous.    They  pass  upwards 
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between  the  external  capsule  and  the  putamen,  and  then  through  or  around  the  upper  part 
of  the  putamen  into  the  internal  capsule,  where  they  form  two  groups,  the  lenticulo-thalamic 
and  the  lenticulo-caudate  groups.  The  former  terminate  in  the  thalamus  and  the  latter  in  the  cau- 
date nucleus.  On  account  of  its  larger  size  at  its  origin  and  its  direct  linear  continuation  with  the 
internal  carotid,  emboli  pass  more  frequently  into  the  middle  cerebral  artery  than  into  the 
anterior  cerebral  artery.  One  of  the  lenticulo-caudate  arteries  which  is  larger  and  longer  than  the 
others  and  which  is  a  direct  branch  from  the  middle  cerebral  artery  has  been  called  the  '  artery 
of  cerebral  hemorrhage  '  (Charcot),  on  account  of  the  greater  frequency  with  which  it  is  ruptured. 

(3)  The  postero-medial  central  or  ganglionic  arteries  are  terminal  branches  of  the  posterior 
cerebral  artery.  They  also  enter  the  anterior  perforated  substance,  but  supply  the  floor  of  the 
third  ventricle,  the  posterior  part  of  the  thalamus,  and  the  hypothalamic  region. 

(4)  The  postero-lateral  group  are  also  terminal  branches  of  the  posterior  cerebral  artery. 
They  supply  the  posterior  part  of  the  internal  capsule,  the  pulvinar  of  the  thalamus,  the  geni- 
culate bodies,  the  corpora  quadrigemina  and  their  brachia,  the  epiphysis,  and  the  cerebral 
peduncles. 

The  cortical  group  of  the  cerebral  arteries  arise  from  the  anastomosing  plexus  in  the  pia 
mater  of  the  cortical  surfaces  of  the  hemisphere.  They  pass  into  the  cortical  substance  both 
from  the  summits  of  the  gyri  and  from  the  walls  of  the  sulci.  They  consist  of  short,  medium, 
and  long  branches,  and  pass  at  right  angles  into  the  gyri.  The  short  branches  terminate  in  the 
cortical  substance;  the  medium  branches  supply  the  more  adjacent  white  substance,  and  the 
longer  branches  pass  more  deeply  into  the  general  medullary  centre  of  the  hemisphere. 

All  of  both  the  central  or  ganglionic  and  the  cortical  arteries  are  terminal  in  the  sense  that 
they  do  not  anastomose  in  the  substance  of  the  cerebrum. 

The  blood-vascular  system  of  the  other  divisions  of  the  encephalon  is  in  accordance  with 
the  same  general  plan  of  that  of  the  cerebrum.  Slight  individual  modifications  of  the  general 
plan  are  to  be  expected. 

The  blood-vessels  of  the  mesencephalon,  in  addition  to  the  supply  derived  from  the  postero- 
lateral group  of  central  arteries,  include  the  vessels  of  the  quadrigeminate  bodies  and  those  of  the 
cerebral  peduncles.  The  arteries  of  the  quadrigeminate  bodies  are  usually  six  in  number, 
three  for  each  side — the  superior,  middle,  and  inferior  quadrigeminate  arteries.  The  superior 
and  middle  are  branches  of  the  posterior  cerebral  arteries,  and  the  inferior  are  branches  of  the 
superior  cerebellar  arteries.  The  superior  supply  the  superior  quadrigeminate  bodies  and  the 
epiphysis;  the  middle  supply  both  the  superior  and  inferior  quadrigeminate  bodies,  and  the 
inferior  the  inferior  quadrigeminate  bodies.  They  all  anastomose  on  the  surface  of  the  stratum 
zonale,  forming  a  fine-meshed  plexus,  and  from  this  plexus  the  terminal  branches  pass  into  the 
substance  of  the  bodies.    The  veins  terminate  in  the  vein  of  Galen  (v.  cerebri  magna). 

The  arteries  of  the  cerebral  peduncles  form  two  groups,  mesial  and  lateral.  The  mesial 
peduncular  arteries  are  branches  of  the  basilar  and  the  posterior  cerebral  arteries.  They  pass 
to  the  inner  sides  of  the  peduncles  and  supply  the  upper  and  inner  part  of  the  tegmentum.  The 
vessels  of  this  group  which  accompany  the  fibres  of  the  third  nerves  are  known  as  the  radicular 
arteries ;  they  supply  the  root-fibres  and  the  nuclei,  which  receive  no  other  branches.  The  lateral 
peduncular  arteries  are  branches  of  the  posterior  cerebral  and  superior  cerebellar  arteries. 
They  supply  the  lateral  portions  of  the  peduncles  and  the  outer  part  of  the  tegmentum.  The 
veins  of  the  mid-brain  terminate  in  the  basilar  veins  and  the  vein  of  Galen. 

The  Blood-vessels  of  the  Cerebellum. — Six  arteries  supply  the  cerebellum;  two,  the 
posterior  inferior  cerebellar,  are  derived  from  the  vertebral  arteries,  and  the  remaining  four, 
two  anterior  inferior  and  two  superior  cerebellar,  from  the  basilar  artery.  The  course  and 
general  distribution  of  the  arteries  are  described  in  Section  V,  but  here  it  must  be  noted  that  the 
branches  of  these  six  vessels  form  a  rich  network  in  the  pia  mater  on  the  surfaces  of  the  cerebellar 
lobes,  and  that  extensions  of  the  plexus  pass  with  the  folds  of  the  pia  mater  into  the  sulci  and 
fissures.  From  the  superficial  plexus  terminal  branches  pass  into  the  interior  of  the  cerebellum 
and  their  collaterals  form  capillary  plexuses  in  the  white  and  grey  substance.  The  extensions 
of  the  surface  plexus  are  of  three  lengths: — (1)  a  longer  set,  which  pass  through  the  cortex  of  the 
cerebellum  and  supply  the  white  substance  of  the  corpus  medullare ;  (2)  a  set  of  shorter  arterioles 
which  pass  through  the  molecular  layer  of  the  cortex  and  break  up  in  the  granular  layer;  (3)  the 
shortest  set  pass  into  the  cortex  and  immediately  break  up  in  the  molecular  layer.  The  meshes 
of  the  capillary  plexuses  in  the  grey  substance  are  ovoidal  and  their  axes  run  radially.  The 
meshes  of  the  plexuses  in  the  white  substance  are  parallel  with  the  nerve-fibres.  In  addition  to 
the  vessels  mentioned,  a  distinct  branch  is  distributed  to  each  dentate  nucleus.  This  springs 
either  from  the  superior  cerebellar  or  from  the  anterior  inferior  cerebellar  artery  of  the  corre- 
sponding side. 

The  efferent  veins  of  the  cerebellum  do  not  accompany  the  arteries;  they  spring  from  a 
plexus  in  the  pia  mater  which  receives  tributaries  from  the  interior,  and  they  form  three  groups 
on  each  surface,  the  vermian  veins  and  the  lateral  veins.  The  superior  vermian  vein  runs 
forwards  on  the  upper  surface  of  the  vermis  and  terminates  in  the  vein  of  Galen.  The  inferior 
vermian  vein  runs  backwards  and  ends  in  one  of  the  transverse  sinuses.  The  upper  lateral 
veins  open  into  the  superior  petrosal  or  transverse  sinuses,  and  the  lower  lateral  veins  into 
the  inferior  petrosal  and  transverse  sinuses.  The  vein  from  the  dentate  nucleus  usually  joins  the 
lower  lateral  veins. 

The  Blood-vessels  of  the  Pons. — The  arteries  to  the  pons  are  branches  of  the  basilar  artery, 
and  of  its  anterior  inferior  and  superior  cerebellar  branches.  The  reticulum  in  the  pia  mater 
is  comparatively  unimportant,  and  the  branches  which  enter  the  substance  of  the  pons  form 
two  main  groups,  the  central  and  the  peripheral.  The  central  arteries  spring  directly  from  the 
basilar.  They  pass  backwards  along  the  raphe,  giving  branches  to  the  adjacent  parts,  and  they 
terminate  in  the  nuclei  in  the  floor  of  the  fourth  ventricle.  The  peripheral  arteries  are  radicular 
and  intermediate.  The  radicular  branches  spring  from  the  peripheral  plexus  and  from  the 
anterior  inferior  cerebellar  arteries;  they  accompany  the  roots  of  the  fifth,  sixth,  seventh,  and 
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eighth  nerves,  supply  their  fibres  and  the  adjacent  parts,  and  they  end  in  the  grey  nuclei  with 
which  the  nerve-fibres  are  connected.  The  intermediate  arteries  enter  the  surfaces  of  the  pons 
irregularly  and  break  up  into  capillaries  in  its  substance.  The  veins  form  a  plexus  on  the 
surface.  The  upper  and  lateral  part  of  this  plexus  is  drained  into  the  basilar  vein  on  each  side, 
and  the  lower  part  is  connected  by  efferent  channels  with  the  inferior  petrosal  sinus  and  the 
cerebellar  veins. 

The  Blood-vessels  of  the  Medulla  Oblongata. — The  arteries  of  the  medulla  are  derived 
directly  from  the  vertebral  arteries,  from  their  anterior  and  posterior  spinal  and  posterior  inferior 
cerebellar  branches,  and  from  the  basilar  artery.  The  branches  of  these  vessels  form  a  plexus  in 
the  pia  mater  from  which,  and  from  the  arteries  themselves,  three  main  groups  of  vessels  pass 
into  the  medulla — the  chorioidal,  the  central,  and  the  peripheral.  The  chorioidal  arteries  are 
derived  chiefly  from  the  posterior  inferior  cerebellar  arteries.  Their  relation  to  the  medulla  is 
described  on  p.  546.  The  anterior  central  arteries  rise  from  the  anterior  spinal  arteries,  from 
the  basilar  artery,  and  from  the  peripheral  plexus;  they  pass  backwards  along  the  raphe, 
supplying  the  adjacent  parts  of  the  ventral  funiculi  and  the  olivary  bodies,  and  they  break  up 
into  fine  terminals  in  the  grey  substance  of  the  floor  of  the  fourth  ventricle  around  the  nuclei 
of  the  cranial  nerves.  The  posterior  central  arteries  spring  from  the  posterior  spinal  arteries; 
they  pass  down  the  median  septum  of  the  lower  part  of  the  medulla  and  supply  the  adjacent 


Fig.  654. — Showing  the  Capillary  Supply  of  the  Cerebellar  Cortex.    (After  Aby, 
"Journal  of  Comparative  Neurology,"  Vol.  IX.) 
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nervous  substance.  The  peripheral  arteries,  like  those  of  the  spinal  cord,  are  separable  into 
radicular  and  intermediate  groups.  The  radicular  arteries  pass  from  the  anterior  and  posterior 
spinal  branches  and  from  the  trunks  of  the  vertebral  arteries  and  accompany  the  fibres  of  the 
last  four  cranial  nerves  into  the  substance  of  the  medulla.  They  supply  the  nerve-roots  and 
adjacent  white  substance  and  they  terminate  in  capillaries  in  the  grey  substance  of  the  lateral 
part  of  the  floor  of  the  ventricle.  The  intermediate  peripheral  arteries  spring  from  the  arteries 
previously  named  and  from  the  peripheral  plexus,  and  they  pass  directly  into  the  columns  of 
the  medulla,  where  they  terminate  in  a  capillary  plexus  which  supplies  the  white  substance  and  the 
grey  nuclei;  some  of  these  arteries,  more  especially  those  derived  from  the  posterior  inferior 
cerebellar  and  the  posterior  spinal  arteries,  extend  inwards  to  the  lateral  part  of  the  floor  of  the 
fourth  ventricle. 

The  veins  which  issue  from  the  medulla  form  a  peripheral  plexus  in  the  pia  mater  in  which 
there  are  two  main  longitudinal  channels,  an  anterior  median  and  a  posterior  median  vein. 
The  former  communicates  below  with  the  anterior  median  vein  of  the  cord,  and  above  with  the 
veins  of  the  pons  and  with  the  veins  which  accompany  the  hypoglossal  nerves.  The  latter  veins 
empty  into  the  internal  jugular  veins.  The  posterior  median  vein  is  continuous  below  with  the 
corresponding  vein  of  the  cord,  and  above,  in  the  region  of  the  calamus  scriptorius,  it  divides 
into  branches  which  join  the  radicular  veins.  The  blood  is  carried  away  from  the  peripheral 
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plexus  mainly  by  the  radicular  veins,  which  pass  along  the  roots  of  the  last  four  cranial  nerves. 
Those  which  accompany  the  hypoglossal  nerves  have  already  been  referred  to.  The  others  end 
in  the  terminal  parts  of  the  transverse  sinuses,  the  inferior  petrosal  sinuses,  or  the  lower  part  of 
the  occipital  sinuses. 

The  nerve  supply  of  the  blood-vessels  of  the  brain  consists  of  a  perivascular  plexus  of  sympa- 
thetic nerve-fibres  upon  the  walls  of  the  vessels  and  medullated  fibres  which  accompany  the 
vessels  and  apparently  terminate,  for  the  most  part,  in  the  connective  tissue  about  them.  The 
former  are  thought  to  be  vaso-motor  in  function;  the  latter  probably  sensory  fibres  of  the 
cerebro-spinal  type.    Nerves  have  been  described  only  for  the  larger  vessels. 


THE  MENINGES 

Three  membranes,  collectively  called  the  meninges,  envelope  the  entire  central 
nervous  system,  separate  it  from  the  walls  of  the  bony  cavities  in  which  it  lies,  and 
aid  in  its  protection  and  support.  They  consist  of  feltworks  in  which  white  fibrous 
connective  tissue  predominates,  and  through  them  pass  t  he  blood-vessels  which  supply 
the  central  nerve-axis  and  the  nerves  by  which  the  axis  is  connected  with  the  periphery. 
Though  there  are  definite  spaces  or  cavities  between  them,  the  membranes  are  not 
wholly  separated  from  each  other,  and  they  are  both  continuous  with  and  contribute 
to  the  walls  of  the  blood-vessels  and  the  sheaths  (epineurium)  of  the  nerves  passing 
through  them.  Beginning  with  the  outermost,  they  are — (1)  the  dura  mater,  the 
thickest,  most  dense,  and  resistant  of  the  membranes;  (2)  the  arachnoid,  the  much 
less  dense  and  more  serous  middle  membrane;  and  (3)  the  pia  mater,  a  thin,  com- 
pact membrane,  closely  adapted  to  the  surface  of  the  central  system,  into  which  it 
sends  numerous  connective-tissue  processes.  It  is  highly  vascular  in  that  it  contains 
the  rich  superficial  plexuses  of  blood-vessels  from  which  the  intrinsic  blood  supply  of 
the  central  system  is  derived.  The  space  between  the  dura  mater  and  the  arachnoid 
is  known  as  the  sub-dural  cavity,  and  that  between  the  arachnoid  and  the  pia  mater 
is  the  sub-arachnoid  cavity. 

The  Dura  Mater 

In  the  fresh  condition  the  dura  mater  appears  as  a  bluish-white,  exceed- 
ingly resistant  membrane,  forming  the  outermost  envelope  of  the  entire  central 
nervous  system.  Its  external  surface  or  that  next  to  the  bony  wall  is  rough, 
while  its  internal  surface  appears  smooth,  due  to  the  fact  that  the  subdural  cavity 
partakes  of  the  nature  and  has  the  lining  of  a  lymph-space.  The  cranial  dura  mater 
consists  of  two  distinct,  closely  associated  layers,  the  outermost  of  which  serves  as  the 
internal  periosteum  of  the  cranial  bones.  The  spinal  dura  mater  is  described  as  con- 
sisting of  but  one  layer.  The  internal  periosteum  of  the  spinal  canal,  though  con- 
tinuous at  the  foramen  magnum  with  the  outer  layer  of  the  cranial  dura  mater,  is  not 
considered  a  part  of  the  spinal  dura  mater,  from  the  fact  that  it  is  so  widely  separated 
from  the  layer  actually  investing  the  spinal  cord.  Thus,  since  the  cranial  and  spinal 
portions  of  the  dura  mater  differ,  they  are  described  separately. 

The  spinal  dura  mater  is  a  fibrous  tube  with  funnel-shaped  termination  which 
encloses  and  forms  the  outermost  support  of  the  spinal  cord.  It  consists  of  but 
one  layer,  and  this  corresponds  to  the  inner  layer  of  the  cranial  dura  mater.  It  begins 
at  the  foramen  magnum  and  terminates  in  the  spinal  canal  at  about  the  level  of  the 
third  piece  of  the  os  sacrum.  It  is  firmly  attached  to  the  periosteum  of  the  surround- 
ing bones  only  in  certain  localities: — 

(1)  The  upper  end  of  the  tube  blends  intimately  with  the  periosteum  of  the  mar- 
gin of  the  foramen  magnum,  and  thus  in  this  locality  it  becomes  continuous  with  the 
outer  layer  of  the  cranial  dura  mater.  Also  in  this  locality  it  is  attached  firmly, 
though  less  intimately,  to  the  periosteum  of  the  posterior  surfaces  of  the  second  and 
third  cervical  vertebrse.  This  locality  may  be  considered  the  upper  fixation-point  of 
the  spinal  dura  mater.  (2)  It  extends  laterally  and  contributes  to  the  connective  tissue 
investments  of  each  pair  of  spinal  nerves,  and  as  such  it  passes  into  the  intervertebral 
foramina  and  becomes  loosely  connected  with  the  periosteum  lining  each.  (3)  Along 
its  ventral  aspect  the  spinal  dura  mater  is  attached  by  numerous  processes  to  the 
posterior  longitudinal  ligament  of  the  vertebral  canal.  These  attachments  are  more 
or  less  delicate,  loose,  and  irregular,  and  are  easily  torn  or  cut  in  removing  the  speci- 
men.   They  are  stronger  and  more  numerous  in  the  cervical  and  lumbar  regions  than 


THE  SPINAL  DURA  MATER 


883 


in  the  thoracic.  (4)  In  the  space  between  the  dura  and  the  walls  of  the  vertebral 
canal  (epidural  cavity)  lies  the  rich  internal  vertebral  venous  plexus,  and  along  the 
lateral,  aspect  the  dura  is  occasionally  connected  with  the  periosteum  through  the 
tissue  of  the  walls  of  the  vessels  of  this  plexus,  especially  in  case  of  the  vessels  which 


Fig.  655. — Showing  the  Spinal  Dura  Mater  Exposed  in  situ.     (Dorsal  aspect.)  (After 
Toldt,  "Atlas  of  Human  Anatomy,"  Rebman,  London  and  New  York.) 
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penetrate  the  dura.  Along  its  dorsal  aspect  the  spinal  dura  mater  is  practically  free 
from  the  wall  of  the  vertebral  canal.  (5)  At  its  lower  and  funnel-shaped  extremity, 
opposite  the  second  sacral  vertebra,  the  tube  suddenly  contracts  into  a  filament 
extending  into  the  coccyx  and  breaking  up  into  a  number  of  processes  which  become 
continuous  with  the  periosteum  of  the  dorsal  surface  of  the  coccyx.  This  filament 
is  the  coccygeal  ligament  or  filum  of  the  dura  mater,  and  its  attachment  may  be 
considered  the  lower  fixation-point  of  the  spinal  dura  mater.  The  extent  of  the  tube  is 
maintained  chiefly  by  means  of  the  two  fixation-points,  for  all  the  other  attachments 
are  sufficiently  loose  to  permit  of  the  movements  of  the  vertebral  column. 

Fig.  656. — Dorsal  Aspect  of  the  Medulla  Oblongata  and  Spinal  Cord  with  the  Dura 
Mater  Partially  Removed.    (Hirschfeld  and  Leveille.) 
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The  inner  surface  of  the  spinal  dura  mater  appears  smooth,  but  upon  closer  ex- 
amination it  is  found  to  be  connected  with  the  arachnoid  by  a  few  delicate  subdural 
trabecular — occasional  fine  strands  of  connective  tissue  bridging  the  subdural  space 
(fig.  665).  Along  its  lateral  aspects  the  inner  surface  is  at  intervals  quite  firmly  at- 
tached to  the  pia  mater  by  the  dentations  of  the  ligamenta  denticulata,  which  are 
prolonged  through  the  arachnoid.  Further,  it  is  continuous  at  intervals  with  both 
the  pia  mater  and  arachnoid  by  way  of  the  connective-tissue  sheaths  of  the  nerve-roots 
which  are  prolonged  from  the  pia  and  blend  with  the  dura  mater  in  the  passage  of  the 
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nerve-roots  through  it.  The  dura  is  also  pierced  by  the  spinal  rami  of  the  vertebral 
arteries,  and  the  connective  tissue  of  the  outer  walls  of  these  vessels  blends  with  all 
three  of  the  meninges.  The  filum  terminale  of  the  pia  mater  extends  below  the  ter- 
mination of  the  spinal  cord  into  the  point  of  the  funnel-shaped  end  of  the  dura  mater, 
and  there  blends  with  it  in  line  with  the  coccygeal  ligament  of  the  outer  surface. 

The  tube  of  the  spinal  dura  mater  varies  in  calibre  with  the  variat  ions  in  the  diam- 
eter of  the  spinal  cord.  However,  the  termination  of  its  cavity  occurs  about  seven 
segments  below  the  termination  of  the  spinal  cord.  This  extension  contains  the  long 
intra-dural  nerve-roots  forming  the  cauda  equina,  and  the  calibre  of  this  part,  before 
its  sudden  contraction,  is  about  as  great  as  that  found  in  any  other  region.  As  each 
pair  of  nerve-roots  of  the  cauda  equina  passes  outwards,  they  lie  free  for  a  variable 
distance  in  a  tubular  extension  of  the  dura  before  the  latter  blends  with  and  con- 
tributes to  the  thickness  of  their  sheath. 

The  subdural  cavity,  the  space  between  the  dura  mater  and  the  arachnoid,  is 
the  thinnest  of  the  meningeal  spaces.  Along  the  ventral  aspect  especially,  the  spinal 
arachnoid  is  quite  closely  applied  to  the  inner  surface  of  the  dura  mater.  It  con- 
tains a  small  amount  of  cerebro-spinal  fluid  (lymph)  which  prevents  friction  between 

Fig.  657. — View  of  Membranes  op  Spinal  Cord  from  Ventral  Aspect.  (Ellis.) 


the  opposing  surfaces,  and  is  continuous  with  the  fluid  in  the  like  space  of  the 
cranial  meninges.  The  space  communicates  with  the  venous  sinuses  of  the  cranium 
in  the  region  of  the  Pacchionian  bodies,  and  its  fluid  is  likewise  in  contact  with  the 
blood-vessels  passing  through  it.  It  is  probably  continuous  with  the  lymph-spaces 
of  the  nerve-roots  passing  through  it,  for  colored  fluids  injected  into  it  pass  into  the 
nerve-roots.  The  arachnoid  is  so  thin  and  gauze-like  that  a  ready  interchange  of 
fluids  between  this  space  and  the  subarachnoid  space  is  possible  by  simple  filtration. 

The  cranial  dura  mater. — The  dura  mater  investing  the  brain  performs  a  double 
function — it  serves  as  an  internal  periosteum  for  the  cranial  bones  and  gives  support 
and  protection  to  the  brain.  In  conformity  with  its  double  function  it  consists  of 
two  layers,  easily  separable  in  the  child,  but  closely  adhering  to  each  other  in  the 
adult,  except  in  occasional  localities,  where  there  exist  small  clefts  lined  with  epithe- 
lium. The  large  blood  sinuses  and  venous  lacunae  are  placed  between  the  two  layers 
and  the  semilunar  ganglia  of  the  trigemini  also  lie  between  them.  The  cranial  dura 
begins  with  the  adhesion  of  the  spinal  dura  mater  to  the  periosteum  of  the  foramen 
magnum,  and  it  forms  a  sac-like  envelope  about  the  entire  encephalon.  Consisting 
of  two  layers,  it  is  a  much  thicker  membrane  than  that  of  the  spinal  cord. 

The  outer  surface  of  the  cranial  dura  mater  when  torn  away  from  the  cranial 
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bones  appears  very  uneven,  and  when  placed  in  water  presents  a  floe culent  appearance. 
This  is  due  to  the  many  fine  bundles  of  connective  tissue  and  the  blood-vessels 
which  pass  between  the  dura  and  the  cranial  bones  and  which  are  partially  pulled  out 
of  their  openings  in  the  latter  in  the  process  of  separation.  The  abundance  of  these 
connections,  and,  therefore,  the  degree  of  adhesion  to  the  bones,  varies  in  different 
localities.  The  separation  is  much  less  difficult  from  the  inner  table  of  the  bones  of 
the  vault  of  the  cranium  than  from  the  bones  of  the  base  of  the  cavity.  The  adhe- 
sions to  the  vault  of  the  cranium  are  most  firm  along  the  lines  of  the  sutures.  This 
is  due  to  the  fact  that  during  the  period  before  the  sutures  are  closed  the  outer  layer 
of  the  dura  mater  is  directly  continuous  with  the  external  periosteum,  and,  in  conse- 
quence of  this  condition  during  development,  the  connective-tissue  connection  is  more 


Fig.  658. — The  Dura  Mater  Encephali  of  the  Base  of  the  Cranium. 
(After  Toldt,  "Atlas  of  Human  Anatomy,"  Rebman,  London  and  New  York.) 
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abundant  along  these  lines  and  some  is  even  caught  in  the  closure  of  the  sutures. 
Along  the  vault  there  are  occasionally  noticed  small  lymph-spaces  between  the  bone 
and  the  dura  mater.  The  stronger  adherence  to  the  base  of  the  cranial  cavity  is  due 
to  the  numerous  foramina  in  the  floor,  through  which  all  the  larger  cranial  blood- 
vessels and  the  cranial  nerves  pass,  and  the  dura  mater  is  continuous  with  the  con- 
nective-tissue investments  of  these  as  well  as  with  the  periosteum  lining  the  foramina. 
Also  the  floor  of  the  cavity  is  more  uneven  than  the  vault,  and  the  projections  of 
the  bones  here  tend  to  increase  the  firmness  of  attachment.  The  weight  of  the 
brain  upon  the  floor  probably  contributes  to  the  result. 

The  inner  surface  of  the  inner  layer  of  the  cranial  dura  mater  forms  the  outer  boun- 
dary of  the  subdural  cavity.  Except  for  the  occasional  delicate  subdural  trabeculse 
and  the  passage  of  blood-vessels  and  nerve-roots,  this  surface  appears  smooth  and 
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glistening,  being  lined  by  a  layer  of  endothelium  and  containing  a  small  amount  of  the 
cerebro-spinal  lymph. 

The  subdural  cavity  of  the  base  of  the  brain  is  prolonged  a  short  distance  outwards 
along  the  roots  of  the  various  cranial  nerves  before  it  is  obliterated  by  the  blending 
of  the  dura  mater  with  the  sheaths  of  the  nerves.  This  outward  extension  of  the  space 
is  most  marked  about  the  optic  and  auditory  nerves.  In  the  optic  especially,  the 
dura  mater  remains  separate  from  the  nerve  throughout  its  length,  only  fusing  with 
its  sheath  upon  the  posterior  surface  of  the  bulbus  oculi  (fig.  658). 

One  of  the  most  striking  differences  between  the  cranial  dura  mater  and  that  of 
the  spinal  cord  is  that  the  inner  layer  of  the  former  undergoes  striking  septa-like 
duplications  or  folds,  forming  exceedingly  strong  partitions  which  project  between 
the  larger  subdivisions  of  the  encephalon.  These  are  four  in  number,  two  large  and 
two  small — the  falx  cerebri  and  the  tentorium  eerebelli;  the  falx  eerebelli  and  the 
diaphragma  sellae.  The  larger  enclose  within  their  folds  the  great  venous  sinuses, 
into  which  most  of  the  spent  blood  of  the  encephalon  collects  to  pass  outwards  by 
way  of  the  internal  jugular  veins. 


Fig.  659. — Coronal  Section  of  the  Head,  Passing  through  the  Posterior  Horns  of 

the  Lateral  Ventricles. 
(From  a  mounted  specimen  in  the  Anatomical  Department  of  Trinity  College,  Dublin.) 
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The  falx  cerebri  is  the  most  striking  of  these  partitions.  It  is  a  sickle-shaped  fold 
which  projects  vertically  from  the  vault  into  the  longitudinal  fissure  between  the 
cerebral  hemispheres.  It  begins  attached  to  the  crista  galli  in  front,  and  arches 
backwards  to  terminate  by  blending  with  the  superior  surface  of  the  horizontally 
placed  tentorium  eerebelli.  Its  convex,  upper  border  joins  the  outer  layer  of  the  dura 
along  the  medial  plane  of  the  vault,  and  encloses  the  superior  sagittal  sinus.  Its 
concave  border  is  free  and  contains  in  its  posterior  two-thirds  the  smaller  inferior 
sagittal  sinus.  The  anterior  and  narrower  end  is  often  perforated  and  occasionally 
so  much  so  as  to  appear  as  a  coarse,  fibrous  reticulum.  The  posterior  part  of  the  con- 
cave border  touches  the  upper  surface  of  the  corpus  callosum,  but  the  anterior  part, 
which  does  not  descend  so  low,  is  separated  from  the  corpus  callosum  by  a  part  of  the 
subarachnoid  space.  The  base  of  the  fold  which  slopes  downwards  and  backwards 
and  blends  with  the  upper  surface  of  the  tentorium  eerebelli,  contains  the  straight 
sinus  running  along  the  line  of  junction. 

The  tentorium  eerebelli  is  a  large  semilunar  fold,  concave  forwards.    It  de- 
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scends  from  its  central  part  which  is  elevated,  and  consequently  it  forms  a  tent-shaped 
covering.  Its  upper  surface  is  in  relation  with  the  tentorial  surfaces  of  the  hemispheres, 
and  its  lower  surface  conforms  accurately  to  the  upper  surface  of  the  cerebellum. 
The  outer  or  convex  border  of  the  fold  is  attached  on  each  side  to  the  posterior  clinoid 
process,  the  superior  border  of  the  petrous  portion  of  the  temporal  bone,  the  mastoid 
portion  of  the  temporal  bone,  the  posterior  inferior  angle  of  the  parietal  bone,  and  the 
horizontal  ridge  of  the  occipital  bone.  The  transverse  sinus  lies  in  this  border. 
From  the  internal  occipital  protuberance  to  the  mastoid  portion  of  the  temporal  bone 
and  along  the  petrous  part  of  the  temporal  bone  it  encloses  the  superior  petrosal 
sinus. 

The  greater  part  of  the  inner  or  anterior  border  of  the  tentorium  is  free,  and  it 
forms  the  superior  and  lateral  boundaries  of  an  arched  cavity,  the  tentorial  notch 
or  foramen  ovale  of  Pacchioni,  which  encloses  the  mesencephalon,  and  through  which 
ascend  the  cerebral  peduncles  and  the  posterior  cerebral  arteries.  The  anterior 
extremities  of  the  inner  border  cross  the  outer  border,  and  they  are  attached  to 

Fig.  660. — The  Cranium  with  Encephalon  Removed  to  show  the  Falx  Cerebri,  the 
Tentorium  Cerebelli,  and  the  places  where  the  Cranial  Nerves  pierce  the  Dura 
Mater.  (Sappey.) 


the  anterior  clinoid  processes.  A  depressed  angle  is  formed  between  the  inner  and 
outer  borders  of  the  tentorium  in  the  middle  fossa  of  the  skull  at  the  outer  side  of  the 
posterior  clinoid  process,  and  in  this  angle  the  root  of  the  third  nerve  pierces  the 
inner  layer  of  the  dura  mater. 

The  falx  cerebelli  is  a  small,  sickle-shaped,  triangular  fold  which  projects  down- 
wards and  forwards,  into  the  small  groove  (posterior  cerebellar  notch),  between  the 
hemispheres  of  the  cerebellum.  Its  base  is  attached  to  the  tentorium;  its  superior 
border,  along  which  runs  the  occipital  sinus,  is  attached  to  the  internal  occipital 
crest.  Its  anterior  border  is  free,  and  its  apex,  which  lies  immediately  behind  the 
foramen  magnum,  usually  bifurcates  as  it  disappears  anteriorly,  grasping  the  foramen 
magnum  from  behind.  Bifurcation  is  always  the  case  when  the  internal  occipital 
crest  splits  below  to  enclose  a  vermiform  fossa. 

The  diaphragma  sellae  is  a  small  circular  fold,  deficient  in  the  centre,  which 
projects  horizontally  from  the  margins  of  the  hypophyseal  fossa  or  sella  turcica.  Its 
outer  border  is  attached  to  the  clinoid  processes  and  the  limbus  of  the  sphenoid, 
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and  its  inner  border  forms  the  boundary  of  the  foramen  of  the  diavhragma  sellcc  and 
surrounds  the  infundibulum.  Its  upper  surface  is  in  relation  with  the  base  of  the 
brain,  and  its  lower  surface  is  in  relation  with  the  hypophysis,  which  it  binds  down 
in  the  hypophyseal  fossa. 

The  spaces  which  lie  between  the  layers  of  the  cranial  dura  mater  are  Meckel's 
caves,  the  spaces  which  lodge  the  endolymphatic  sacs,  and  the  blood  sinuses  and  lacunae. 

Meckel's  caves  are  two  cleft-like  spaces  or  niches  which  lie,  one  on  each  side,  in 
the  trigeminal  impression  on  the  apex  of  the  petrous  portion  of  the  temporal  bone. 
Each  space  lodges  the  semilunar  (Gasserian)  ganglion  and  the  motor  and  sensory 
roots  of  the  trigeminus  of  the  corresponding  side,  and  it  communicates  with  the  sub- 
dural space  in  the  posterior  fossa  of  the  cranium  by  an  oval  opening,  which  lies  above 
the  superior  border  of  the  petrous  portion  of  the  temporal  bone  and  below  the  supe- 
rior petrosal  sinus. 


Fig.  661. — Showing  the  Upper  Surface  of  the  Tentorium  Cerebelli  and  the  Tentorial 
Notch  through  which  the  Mid-brain  and  Posterior  Cerebral  Arteries  enter  the 
Middle  Fossa  of  the  Cranium. 
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The  space  which  contains  the  endolymphatic  sac  on  each  side  lies  behind  the 
petrous  portion  of  the  temporal  bone  and  communicates  with  the  aquaeductus 
vestibuli. 

The  venous  sinuses  and  lacunae.— The  cranial  blood  sinuses  have  already  been 
fully  described  in  the  account  of  the  vascular  system,  and  it  is  sufficient  to  note  here 
that  they  are  continuous,  on  the  one  hand,  with  the  meningeal  veins,  and,  on  the  other, 
with  the  veins  outside  the  cranial  walls.  The  vessels  which  establish  communication 
between  the  blood  sinuses  and  the  extracranial  veins  are  referred  to  collectively  as 
emissary  veins.  They  possibly  help  to  maintain  the  regularity  of  the  cranial  cir- 
culation, and  they  have  therefore  a  certain  amount  of  practical  importance. 

The  sinuses  which  are  connected  with  the  extracranial  veins  by  emissary  veins 
are  the  superior  sagittal,  the  transverse  (lateral),  and  the  cavernous.  Three  or  four 
emissary  veins  pass  from  the  superior  sagittal  sinus: — one  passes  through  the  foramen 
caecum  and  communicates  with  the  veins  of  the  roof  of  the  nose,  or,  through  the  nasal 
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bones,  with  the  angular  veins.  Two  pass  through  the  parietal  foramina  and  establish 
communications  with  the  occipital  veins,  and  a  fourth,  which  is  very  inconstant,  pierces 
the  occipital  protuberance  and  joins  the  tributaries  of  the  occipital  veins.  Connecting 
each  lateral  sinus  with  the  extracranial  veins  there  are,  as  a  rule,  two  emissary  veins: — 
one,  the  mastoid  emissary  vein,  which  passes  through  the  mastoid  foramen  to  the 
occipital  or  posterior  auricular  vein;  and  the  other,  the  post-condyloid  vein,  which 
traverses  the  condyloid  (posterior  condyloid)  foramen  and  joins  the  suboccipital 
plexus.  The  cavernous  sinus  is  in  communication  anteriorly  with  the  superior 
ophthalmic  vein,  and  through  the  latter  with  the  angular  vein;  it  is  connected 
with  the  pterygoid  plexus  by  emissary  veins  which  pass  either  through  the  fora- 
men ovale  or  the  foramen  Vesalii,  and  with  the  pharyngeal  plexus  by  small 
venous  channels  which  accompany  the  internal  carotid  artery  through  the  carotid 
canal. 

Fig  662. — Showing  Blood-vessels  of  Cranial  Dura  Mater  and  Cranial  Nerves  in  the 

Base  of  the  Skull. 
(On  the  left  side  the  dura  mater  has  been  removed  in  the  middle  fossa.) 
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The  Venous  Lacunae  or  spaces  are  small  clefts  lined  by  endothelium  which  com- 
municate with  the  meningeal  veins  and  with  blood  sinuses.  They  also  have  com- 
munications with  the  emissary  veins  and  the  diploic  veins.  They  lie  between  the 
outer  and  inner  layers  of  the  dura  mater,  the  majority  of  them  at  the  sides  of  the 
superior  sagittal  sinus,  but  others  are  found  in  the  tentorium  associated  with  the 
transverse  sinuses  and  the  straight  sinus. 

Vessels. — The  blood  supply  of  the  cranial  dura  mater  is  derived  from  the  meningeal  arteries, 
which  ramify  in  its  outer  layer.  The  more  important  of  these  arteries  have  already  been  described 
in  the  account  of  the  vascular  system,  and  it  is  only  necessary  here  to  recall  the  fact  that  the 
greater  part  of  the  dura  mater  above  the  tentorium  cerebelli  is  supplied  by  branches  of  the 
middle  meningeal  arteries.  These  are  reinforced — (1)  at  the  vertex  by  branches  of  the  occipital 
arteries  which  enter  through  the  parietal  foramina;  (2)  in  the  middle  fossa  by  the  small  meningeal 
arteries  and  by  meningeal  branches  of  the  internal  carotid,  lachrymal,  and  ascending  pharyngeal 
arteries;  and  (3)  in  the  anterior  fossa  by  meningeal  branches  of  the  anterior  and  posterior 
ethmoidal  arteries. 
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The  dura  mater  in  the  posterior  fossa  of  the  skull,  below  the  tentorium  cerebelli,  also  receives 
branches  from  the  middle  meningeal  arteries,  but  its  blood  supply  is  derived  mainly — (1)  from 
the  meningeal  branches  of  the  vertebral  arteries  which  enter  the  fossa  through  the  foramen  mag- 
num, (2)  from  meningeal  branches  of  the  occipital  arteries  which  enter  through  the  mastoid 
and  condyloid  foramina,  and  (3)  from  meningeal  branches  of  the  posterior  auricular  and  as- 
cending pharyngeal  arteries  which  enter  through  the  jugular  and  hypoglossal  (anterior  condy- 
loid) foramina. 

The  meningeal  veins  accompany  the  arteries  as  venae  comites,  usually  one  vein  with  each 
artery.  The  middle  meningeal  artery  usually  has  two  venae  comites.  The  meningeal  veins 
communicate  with  the  venous  sinuses  and  with  the  diploic  veins,  and,  unlike  ordinary  veins, 
they  do  not  increase  much  in  calibre  as  they  approach  their  terminations. 

The  nerves  of  the  dura  mater  are  partly  derived  from  the  sympathetic  filaments  which 
accompany  the  arteries  and  partly  from  the  cranial  nerves.  The  nerves,  other  than  sympathetic 
filaments,  which  supply  the  cranial  dura  mater  are  derived  from  the  fifth  and  tenth  cranial  nerves, 
and  possibly  from  the  first  cervical  nerve.  The  branches  from  the  trigeminus  are  derived  from 
the  first,  second,  and  third  divisions  of  that  nerve  on  each  side,  and  it  has  been  stated  that  branches 
are  given  from  the  nasal  branch  of  the  first  division  to  the  dura  mater  in  the  anterior  fossa. 

The  meningeal  branch  of  the  first  division  of  the  trigeminus  supplies  the  tentorium;  that 
from  the  second  division  accompanies  the  branches  of  the  middle  meningeal  artery.  The 
meningeal  branch  of  the  third  division  (nervus  spinosus)  passes  into  the  skull  through  the  fora- 
men spinosum  and  is  distributed  to  the  dura  mater  over  the  great  wing  of  the  sphenoid  and 
to  the  mastoid  cells.  The  recurrent  branch  of  the  hypoglossal  nerve  passes  to  the  dura  mater 
of  the  posterior  fossa  of  the  cranium.  It  is  probable  that  this  recurrent  or  meningeal  branch  of 
the  twelfth  nerve  really  consists  of  fibres  derived  either  from  the  superior  cervical  ganglion  of 
the  sympathetic  or  from  the  first  and  second  cervical  nerves.  The  meningeal  branch  of  the 
tenth  nerve  (vagus)  springs  from  the  ganglion  of  the  root  of  that  nerve,  and  is  distributed 
in  the  posterior  cranial  fossa. 

The  cranial  subdural  cavity  is  not  of  uniform  thickness  throughout,  being  thinner 
along  the  basal  aspect  of  the  encephalon.  The  lymph  contained  in  it  is  usually  but 
little  more  than  is  sufficient  to  keep  moist  its  bounding  surfaces.  It  is  continuous 
with  the  lymph  capillaries  of  the  nerves  and  those  of  all  the  tissues  it  bathes,  and  it  is 
in  communication  with  the  similar  cavity  of  the  spinal  canal.  Its  lymph  is  in  free 
contact  with  the  blood-vessels  passing  through  it  and  with  those  in  the  tissues  it 
bathes,  and  it  is  replenished  by  filtration  through  their  walls.  Though  extensive, 
the  subdural  space  is  thin  at  best,  for  the  dura  mater  is  quite  closely  applied  to  the 
second  of  the  three  meninges. 

The  Arachnoid 

The  arachnoid  or  'serous'  membrane  is  the  middle  of  the  three  meninges  of  the 
central  nervous  system.  As  in  the  case  of  the  other  two,  an  attempt  is  made  to 
give  this  membrane  a  name  descriptive  of  its  texture.  It  is  a  gauzy  reticulum  of 
almost  web-like  delicacy,  which  in  reality  pervades  the  space  it  occupies.  Its  outer 
surface,  or  that  closely  related  to  the  dura  mater  and  bounding  the  subdural  cav- 
ity, alone  shows  a  sufficiently  organized  structure  to  merit  the  name  of  membrane. 
This  surface  is  covered  by  a  layer  of  endothelium  which  is  identical  with  that  lining 
the  inner  surface  of  the  dura  mater  and  is  continuous  with  it  by  way  of  the  endothe- 
lial cells  covering  the  blood-vessels,  the  nerve-roots,  the  ligamenta  denticulata  of  the 
spinal  cord,  and  the  occasional  delicate  trabecular  passing  between  the  dura  mater 
and  the  arachnoid.  Immediately  under  the  endothelium,  the  connective-tissue  fibres 
of  the  arachnoid  are  woven  into  a  very  thin,  more  or  less  compact  feltwork.  This, 
however,  quickly  grades  into  a  loose,  spongy  reticulum  which  pervades  the  thick 
subarachnoid  cavity  throughout,  and  the  strands  of  which  are  directly  continuous  into 
the  more  compact  tissue  of  the  pia  mater.  Thus  an  inner  surface  can  hardly  be  claimed. 
This  loose,  sponge-like  arachnoid  tissue  holds  the  cerebro-spinal  fluid  of  the  sub- 
arachnoid cavity,  the  meshes  of  the  sponge  constituting  a  reticular  web  of  intercom- 
municating spaces  lined  by  endothelioidal  cells  covering  the  strands  of  the  web.  The 
cranial  subarachnoid  cavity  is  larger,  and  the  strands  of  the  web  are  relatively  more 
abundant  than  in  that  of  the  spinal  canal.  In  addition,  the  cavity  is  traversed  by  the 
spinal  and  cranial  nerves,  by  the  blood-vessels  passing  to  and  from  the  pia,  and,  in  the 
spinal  canal  distinctively,  it  is  traversed  by  the  ligamenta  denticulata  and  the  filum 
terminale.    Through  these  the  arachnoid  is  further  continuous  with  the  pia  mater. 

The  cranial  arachnoid  is  directly  continuous  into  that  of  the  spinal  cord,  and  in 
the  two  localities  does  not  differ  as  much  as  does  the  dura  mater.  Within  the 
cranium,  the  arachnoid  does  not  closely  follow  the  surface  of  the  encephalon.  It  is 
folded  in  between  the  cerebellum  and  cerebral  hemispheres,  following  the  contour  of 
the  tentorium  cerebelli,  but  it  does  not  dip  into  the  fissures  and  sulci  except  the  ante- 
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rior  part  of  the  longitudinal  fissure  and  slightly  into  the  lateral  (Sylvian)  fissure. 
Otherwise  it  fills  in  the  inequalities  of  surface  of  the  encephalon,  its  outer  surface 
forming  a  sheet  enveloping  the  whole  and  bridging  over  the  sulci  and  the  deeper 
grooves  bet  ween  the  gross  divisions.  Upon  the  summits  of  the  gyri  it  is  more  closely 
applied  to  the  pia  mater,  and  there  its  reticulum  becomes  so  dense  that  the  two 
membranes  almost  appear  as  one.  The  sulci,  occupied  by  the  looser  reticulum,  form  a 
continuous  system  of  channels  filled  more  abundantly  by  the  cerebro-spinal  fluid. 

The  arachnoid  does  not  fold  in  between  the  cerebellum  and  medulla  oblongata,  and 
at  the  base  of  the  brain  it  ensheathes  the  olfactory  bulbs  and  tracts,  and  its  outer  sur- 
face forms  a  cont  inuous  sheet  stret  ching  from  one  temporal  lobe  to  the  other  and  bridg- 
ing over  the  interpeduncular  fossa  and  the  inequalities  of  surface  in  the  region  of  the 
optic  chiasma  and  the  stems  of  the  lateral  fissures.  Obviously,  therefore,  the  sub- 
arachnoid cavity  between  its  outer  surface  and  the  pia  mater  is  of  considerable  depth 
in  certain  localities.  These  localities  comprise  the  subarachnoid  cisternw.  These 
make  the  cavity  at  the  base  of  the  brain  especially  large,  and  make  possible  a 
'water-bed'  which  serves  to  protect  the  brain  from  injurious  contact  with  the  bones. 
The  following  cisterna?  are  distinguished: — 

(1)  The  cisterna  basalis  lies  at  the  base  of  the  cerebrum  and  is  divided  by  the 

Fig.  663. — Diagram  showing  the  Relations  of  the  Pia  Mater,  the  Arachnoid,  and  the 
Subarachnoid  Cavity  to  the  Brain. 
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optic  chiasma  into  two  parts — (c)  the  cisterna  chiasmatis  and  (b)  the  cisterna  inter- 
peduncularis. 

(2)  The  cisterna  pontis  is  situated  about  the  pons,  especially  in  its  basilar  sulcus 
and  the  transverse  fissures  of  either  border,  and  is  continuous  in  front  with  the 
cisterna  basalis  and  behind  with  the  subarachnoid  cavity  of  the  medulla. 

(3)  The  cisterna  superior  lies  in  the  angle  between  the  splenium  of  the  corpus 
callosum,  the  superior  surface  of  the  cerebellum,  and  the  upper  surface  of  the  mesen- 
cephalon, and  is  connected  ventrally,  around  the  cerebral  peduncles,  with  the  cisterna 
basalis. 

(4)  The  cisterna  cerebello-medullaris  (cisterna  magna)  is  the  cavity  between 
the  lower  surface  of  the  cerebellum  and  the  upper  surface  of  the  medulla  oblongata. 
It  is  continuous  below  with  the  spinal  subarachnoid  space.  The  fluid  in  this  cavity 
is  directly  continuous  with  that  in  the  fourth  ventricle  by  way  of  the  foramen  of 
Magendie  (median  aperture  of  the  fourth  ventricle). 

Pacchionian  Bodies  (Arachnoid  Granulations). — In  certain  situations,  more 
particularly  on  the  vertex  of  the  brain,  along  the  margins  of  the  longitudinal  fissure, 
particularly  in  the  frontal  region,  and  to  a  much  less  extent  upon  the  upper  surface  of 
the  vermis  of  the  cerebellum,  the  subarachnoid  tissue  proliferate.?  and  forms  numer- 
ous small,  ovoid  or  spherical  nodules,  the  Pacchionian  bodies.    Each  body  or  arach- 
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noid  villus  consists  of-  a  retiform  network  of  subarachnoid  substance  and  its  meshes 
are  filled  with  cerebro-spinal  fluid.  The  Pacchionian  bodies  on  the  vertex  of  the 
brain  project  through  the  inner  layer  of  the  dura  mater,  either  into  the  superior 
sagittal  sinus  or  into  the  venous  spaces  or  parasinoidal  sinuses  which  lie  at  the 
sides  of  that  sinus,  and,  as  they  become  larger,  they  press  against  the  outer  layer 
of  the  dura  mater  and  produce  ovoid  depressions  on  the  inner  surface  of  the  cranium. 
They  probably  facilitate  the  passage  of  lymph  from  the  subarachnoid  cavity  into  the 
blood  sinuses,  and  thus  may  aid  in  relieving  pressure  within.  On  the  other  hand, 
through  them  the  cerebro-spinal  fluid  is  replenished  at  need  from  the  blood  plasma. 
They  are  not  present  at  birth,  but  they  appear  at  the  tenth  year  and  increase  in 
number  and  size  with  advancing  age.  They  are  less  marked  in  the  female  than  in 
the  male. 

The  spinal  arachnoid  is  in  the  form  of  a  loose,  reticular  sac  which  is  most  capa- 
cious about  the  lumbar  enlargement  of  the  spinal  cord  and  about  the  cauda  equina. 
Like  that  of  the  encephalon,  the  portion  next  to  the  dura  mater  alone  resembles 
a  membrane,  being  a  loosely  organized  feltwork,  covered  on  the  side  of  the  subdural 
cavity  by  a  layer  of  endothelium  common  to  that  cavity.  Throughout  its  length 
the  spinal  subarachnoid  cavity  is  relatively  wide,  and,  as  in  the  cranium,  contains 
a  fine,  spongy,  web-like  reticulum,  numerous  threads  of  which  are  continuous  with 
the  pia  mater.    This  spongy  tissue  is  the  inner  modification  of  the  arachnoid,  and 

Fig.  664. — Coronal  Section  through  the  Great  Longitudinal  Fissure,  showing  the 

Meninges.    (Key  and  Retzius.) 
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its  meshes  are  occupied  by  the  cerebro-spinal  fluid.  It  is  not  so  abundant  as  in  the 
cranial  subarachnoid  cavity.  In  addition  to  the  delicate  threads  of  this  tissue  the 
arachnoid  is  more  firmly  attached  to  the  pia  mater  by  three  incomplete  partitions. 
The  most  continuous  of  these  is  arranged  along  the  dorsal  mid-line  and  is  known  as 
the  septum  posticum  of  Schwalbe  (subarachnoid  septum).  This  may  be  described 
as  a  linear  accumulation  of  the  spongy  tissue  which  pervades  the  subarachnoid 
space.  It  is  most  incomplete  in  the  upper  cervical  region,  where  it  becomes  merely 
a  line  of  threads  connecting  with  the  pia.  It  is  most  complete  as  a  septum  in  the 
lower  cervical  and  in  the  thoracic  region,  but  at  best  it  maintains  a  spongy  char- 
acter. The  other  two  partitions  are  formed  by  the  denticulate  ligaments,  which 
extend  laterally  from  either  side  of  the  spinal  cord,  connecting  the  pia  and  dura 
mater  and  involving  the  arachnoid  in  passing  through  it.  Within  the  subarachnoid 
cavity  these  form  more  or  less  complete  septa,  though  outside  the  arachnoid  they 
are  attached  to  the  dura  only  at  the  intervals  of  their  dentations.  They  belong  to 
the  pia  mater  and  will  be  described  with  it.  The  arachnoid  is  further  continuous 
with  the  pia  by  way  of  the  connective-tissue  sheaths  of  the  roots  of  the  spinal  nerves 
and  the  blood-vessels  passing  through  the  subarachnoid  cavity. 

Vessels  and  Nerves. — The  arachnoid  has  no  special  blood  supply  and  probably  no  special 
nerves  other  than  those  supplying  the  walls  of  the  blood-vessels  passing  through  it. 
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The  cerebro-spinal  fluid. — The  subarachnoid  cavity  is  the  great  lymph-space  of  the  central 
nervous  system.  That  of  the  spinal  region  is  directly  continuous  into  that  of  the  cranium,  and 
the  fluid  contained  communicates  freely  with  that  in  the  ventricles  of  the  brain  and  the  central 
canal  of  the  medulla  and  spinal  cord  by  way  of  the  foramen  of  Magendie  or  aperture  into  the 
fourth  ventricle.  In  addition,  there  is  possible  an  interchange  of  fluid  between  the  lateral 
ventricle  and  the  subarachnoid  cavity  of  the  base  of  the  brain  by  diffusion  through  the  thin 
floor  of  the  chorioid  fissure.  The  arachnoid  throughout  is  not  a  membrane  sufficiently  compact 
to  seriously  oppose  diffusion  between  the  fluid  contained  in  its  cavity  and  that  contained  in 
the  subdural  cavity,  and  the  endothelium  covering  it  probably  even  facilitates  such  activities. 
The  cerebro-spinal  fluid  occupying  the  cavities  is  a  transparent  fluid  of  a  slight  yellow  tinge, 
characteristic  of  the  lymph  in  other  lymph-spaces  of  the  body.  It  is  not  very  great  in  amount, 
probably  never  exceeding  200  c.c.  in  normal  conditions.  It  is  greatest  in  amount  in  old  age, 
when  the  cavities  are  larger,  due  to  atrophy  and  shrinkage  of  the  nervous  tissues.  It  collects 
from  the  lymph  spaces  in  the  meninges,  and  from  exudation  through  the  walls  of  the  vascular 
plexuses  and  sinuses  of  the  system  it  bathes.  Its  amount  may  be  temporarily  increased  by  a 
period  of  increased  blood-pressure  in  the  cranial  vessels.    Pressure  due  to  its  abundance  may 


Fig.  665. — Diagram  of  Transverse  Section  of  Upper  Thoracic  Region  showing  the 
Relations  of  the  Spinal  Meninges  and  their  Cavities. 
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be  relieved  by  diffusion  through  the  membranes  containing  it,  and  especially  through  the  villi 
of  the  Pacchionian  bodies  into  the  venous  sinuses  and  lacuna  and  thence  into  the  venous  system 
through  the  internal  jugular  veins. 

The  Pia  Mater 

The  pia  mater,  the  third  of  the  meninges,  is  a  thin  membrane  which  envelopes 
and  closely  adheres  to  the  entire  central  nervous  system  and  sends  numerous  pro- 
cesses into  its  substance.  It  likewise  contributes  the  most  proximal  and  compact 
portion  of  the  sheaths  worn  by  the  nerve-roots  in  their  passage  through  the  meningeal 
spaces.  It  is  very  vascular  in  that  the  superficial  plexuses  of  blood-vessels  of  both 
the  brain  and  spinal  cord  ramify  in  it  as  they  give  off  the  central  branches  into 
the  nervous  substance.  The  structure  and  arrangement  of  the  membrane  vary 
somewhat  in  the  cranial  and  spinal  regions. 

The  spinal  pia  mater  consists  of  two  layers,  an  inner  and  an  outer.  It  is  thicker 
and  more  compact  than  that  of  the  encephalon,  due  to  the  extra  development  of  its 
outer  layer,  which  is  in  the  form  of  a  strong,  fibrous  layer  with  the  fibres  arranged 
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for  the  most  part  longitudinally.  The  spinal  pia  mater  also  appears  less  vascular  than 
the  cranial  from  the  fact  that  the  blood-vessels  composing  the  plexus  lying  in  it  are 
obviously  much  smaller  than  those  of  the  encephalon.  Its  inner  layer  is  a  thin 
feltwork  of  fibres  which  is  closely  adherent  to  the  surface  of  the  spinal  cord  through- 
out, sending  numerous  connective-tissue  processes  into  it  which  contribute  to  the 
support  of  the  nervous  tissues.  The  larger  of  these  processes  carry  with  them  the 
numerous  intrinsic  blood-vessels  from  the  superficial  plexus.  The  two  layers  are 
closely  connected  with  each  other,  and  are  distinguished  by  the  difference  in  the 
arrangement  of  their  fibres. 

The  membrane  dips  into  the  anterior  median  fissure  and  bridges  it  over  by 
forming  an  extra  thickening  along  it.  This  thickening  appears  as  a  band  along  the 
mid-line  of  the  ventral  surface  of  the  cord,  the  linea  splendens  (fig.  657).  It  carries 
the  anterior  spinal  artery,  the  largest  of  the  arterial  trunks  of  the  superficial  plexus 
(fig.  665). 

The  pia  mater  contributes  the  innermost  and  most  compact  portion  of  the  epineu- 
rium  of  each  of  the  nerve-roots,  and  thus,  upon  the  roots,  it  is  prolonged  laterally  into 
the  intervertebral  foramina,  where  the  dura  mater  blends  with  it  in  producing  the 
increased  thickness  of  the  epineurium. 


From  each  side  of  the  cord  the  pia  mater  gives  off  a  leaf-like  fold,  the  ligamentum 
denticulatum,  which  spreads  laterally  toward  the  dura  mater  midway  between  the 
lines  of  attachment  of  the  dorsal  and  ventral  nerve-roots.  The  outer  border  of  this 
fold  is  dentate  or  scalloped  into  twenty-one  pointed  processes,  which  extend  through 
the  arachnoid  and  are  attached  to  the  inner  surface  of  the  dura  mater.  The  denta- 
tions are  usually  inserted  between  the  levels  of  exit  of  the  roots  of  the  spinal  nerves, 
the  uppermost  one  a  little  above  the  first  cervical  nerve  and  the  region  where  the 
vertebral  artery  perforates  the  dura  mater;  the  lowermost  one  between  the  last 
thoracic  and  first  lumbar  nerves,  or,  between  the  last  two  thoracic  nerves.  The  liga- 
menta  denticulata,  aided  slightly  by  the  septum  posticum,  serve  to  hold  the  spinal 
cord  more  or  less  suspended  in  the  subarachnoid  cavity. 

Below,  at  the  sudden,  conical  termination  of  the  spinal  cord  in  the  lumbar  portion 
of  the  spinal  canal,  the  pia  mater  is  spun  out  into  a  thin,  tubular  filament,  the 
filum  terminale,  which  continues  downwards  into  the  sac  formed  by  the  dura  mater 
about  the  cauda  equina,  and  at  the  end  fuses  with  the  dura  mater  in  line  with  the 
filum  of  the  spinal  dura  mater  (coccygeal  ligament)  of  the  outside  (figs.  566  and  655). 

The  cranial  pia  mater  is  closely  applied  to  the  external  surface  of  the  brain, 
dipping  into  all  the  fissures,  furrows,  and  sulci.  It  is  connected  with  the  arachnoid 
by  numerous  filaments  of  the  spongy  subarachnoid  tissue  and  by  the  blood-vessels 
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traversing  the  subarachnoid  cavity.  It  is  also  pierced  by  the  cranial  nerves,  and 
furnishes  them  their  sheaths,  which  become  continuous  with  the  arachnoid  and 
dura  mater.  Its  outer  surface,  bounding  the  subarachnoid  cavity,  is  covered  by  a 
layer  of  endothelium.  The  fibrous  portion  below  is  with  difficulty  separable  into  two 
layers  of  mixed  white  fibrous  and  elastic  connective  tissue,  with  slightly  pigmented 
connective-tissue  cells  enmeshed  between  them.  Its  inner  surface  sends  a  large  num- 
ber of  fibrous  processes  into  the  nervous  substance,  which  blend  with  the  neuroglia 
and  aid  in  the  support  of  the  nervous  elements.  The  larger  of  these  processes  ac- 
company the  central  arterial  and  venous  branches  of  the  rich  superficial  plexuses  of 
blood-vessels  contained  in  the  pia  on  the  surface  of  the  brain.  Pieces  of  the  pia  when 
pulled  off  and  placed  in  water  present  a  flocculent  appearance  as  to  their  inner  sur- 
faces, due  to  these  processes  having  been  pulled  out. 

The  cranial  pia  mater  sends  strong,  vascular  duplications  into  two  Of  the  great 
fissures  of  the  encephalon;  viz.,  the  transverse  cerebellar  fissure,  between  the  cere- 
bellum and  the  medulla  oblongata,  and  the  transverse  cerebral  fissure,  between  the 
cerebellum,  mesencephalon,  and  thalamencephalon,  and  the  overhanging  cerebral 
hemispheres.  These  duplications  are  spread  over  the  cavities  of  the  fourth  and  third 
ventricles,  and  are  known  as  the  telce  chorioidece  of  these  ventricles  respectively. 


Fig.  667. — Diagram  showing  Tela  Chorioidea  of  Fourth  Ventricle  after  Removal  of 

Cerebellum. 

inferior  v  / 


The  tela  chorioidea  of  the  fourth  ventricle  lies  in  the  transverse  cerebellar 
fissure,  between  the  under  surface  of  the  cerebellum  (vermis  chiefly)  and  the  dorsal 
surface  of  the  medulla  (fourth  ventricle) .  The  two  layers  of  this  fold  of  the  pia  re- 
main separate  and  a  portion  of  the  cisterna  posterior  of  the  subarachnoid  cavity  lies 
between  them.  It  is  a  triangular  fold,  with  its  base  above  at  the  nodule  of  the  ver- 
mis and  its  apex  below  at  the  level  of  the  tuber  vermis.  The  upper  layer  adheres  to 
the  vermis;  the  lower  strengthens  the  epithelial  roof  of  the  fourth  ventricle  and  is 
continuous  with  the  pia  mater  of  the  medulla  oblongata  and  spinal  cord.  This 
lower  layer  is  the  tela  of  the  fourth  ventricle  proper.  In  roofing  over  the  calamus 
scriptorius  it  constitutes  the  ligula  and  the  obex.  A  little  above  the  calamus  scrip- 
torius  the  lower  layer  is  pierced  by  the  foramen  of  Magendie. 

In  front  of  the  foramen  of  Magendie  the  vessels  of  the  tela  chorioidea,  which  are 
derived  from  the  posterior  inferior  cerebellar  arteries,  form  two  longitudinal,  lobulated 
strands  which  invaginate  the  epithelial  roof  of  the  ventricle,  one  on  either  side  of  the 
mid-line,  and  project  into  its  cavity.  These  form  the  chorioid  plexus  of  the  fourth 
ventricle.  At  the  base  of  the  tela  the  two  chorioid  plexuses  join  each  other  and  then 
turn  transversely  outwards  into  the  lateral  recesses  of  the  ventricle,  where  they  pass 
behind  the  restiform  bodies  and  form  the  'cornucopias.' 
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The  tela  chorioidea  of  the  third  ventricle,  or  velum  interpositum,  is  a  tri- 
angular duplication  of  the  pia  mater  which  extends  between  the  fornix  above  and  the 
thalami  and  third  ventricle  below,  and  in  front  ends  blindly  at  the  interventricular 
foramina.  In  the  transverse  cerebral  fissure  the  layers  of  pia  forming  the  tela  are 
separate,  the  upper  being  the  pia  of  the  under  surface  of  the  corpus  callosum  and  con- 
tinuous with  that  of  the  tentorial  surfaces  of  the  occipital  lobes;  the  lower  being  con- 
tinuous into  the  pia  enfolding  the  epiphysis,  and  covering  the  mesencephalon, 
anterior  medullary  velum,  and  cerebellum.  The  layers  forming  the  portion  of  the  du- 
plication which  roofs  over  the  third  ventricle  are  loosely  adherent  to  each  other  and 
form  the  tela  chorioidea  proper  of  that  ventricle.  The  upper  surface  of  this  portion 
is  in  relation  with  the  fornix  and  its  lower  surface,  covered  by  the  epithelial  chorioid 


Fig.  668. — Horizontal  Dissection  of  the  Cerebrum  showing  the  Tela  Chorioidea  of 

the  Third  Ventricle. 

(From  a  mounted  specimen  in  the  Anatomical  Department  of  Trinity  College,  Dublin.) 

The  fornix  has  been  removed  to  show  the  tela  chorioidea. 
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lamina,  lies  laterally  over  the  superior  surfaces  of  both  thalami,  and  mesially  forms  the 
roof  of  the  third  ventricle  between  them.  Between  the  two  layers  of  this  portion, 
and  embedded  in  a  small  amount  of  the  spongy  subarachnoid  tissue  retained  between 
them,  are  the  two  veins  of  Galen,  the  internal  cerebral  veins.  Posteriorly  these  veins 
unite  in  the  region  of  the  epiphysis  to  form  the  single  great  cerebral  vein  (vena 
cerebri  magna).  Anteriorly  the  veins  of  Galen  receive  the  veins  of  the  septum  pellu- 
cidum  from  each  lamina  of  the  septum  pellucidum  above,  and  also  the  terminal  vein 
(vein  of  corpus  striatum),  lying  in  the  stria  terminalis  of  the  thalamus,  empties  into 
them  from  each  side. 

The  tela  chorioidea  or  velum  interpositum  extends  laterally  between  the  fornix 
and  fimbria  above  and  the  stria  terminalis  of  the  thalamus  below  into  each  lateral 
57 
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ventricle.  Posteriorly  the  continuation  of  this  lateral  extension  appears  as  an  in- 
vagination into  the  lateral  ventricle  through  the  floor  of  the  chorioid  fissure.  The 
blood-vessels  of  the  border  projecting  into  the  lateral  ventricle  are  amplified  into  a 
plexus  which  appears  as  a  strip  of  reddish,  lobulated,  villus-like  processes  known  as 
the  chorioid  plexus  of  the  lateral  ventricle.  The  plexus,  being  in  the- border  of 
the  tela,  begins  at  the  interventricular  foramen,  extends  through  the  body  or  central 
portion  of  the  ventricle,  and  downwards  into  the  inferior  cornu.  It  is  most  developed 
at  the  junction  of  the  body  with  the  inferior  cornu,  and  is  there  known  as  the  glomus 
chorioideum. 

From  the  under  surface  of  the  tela  chorioidea  of  the  third  ventricle,  hanging 
down  on  either  side  of  the  mid-line  into  the  cavity  of  the  ventricle,  are  two  other 
longitudinal,  lobulated  strands  of  blood-vessels  which  are  the  chorioid  plexuses  of 
the  third  ventricle.  At  the  anterior  end  of  the  third  ventricle  these  two  plexuses 
join  with  each  other  and  also  at  the  interventricular  foramen  with  the  plexus  of  the 
lateral  ventricle  of  each  side. 


Fig.  669. — Diagram  of  Coronal  Section  of  Cerebrum  through  Middle  of  Thalamen- 
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The  chorioid  plexuses  of  both  the  ventricles  are  covered  by  a  layer  of  epithelium, 
epithelial  chorioid  lamina,  which  is  but  a  reflexion  of  the  epithelium  lining  the  cavities 
throughout.  The  blood-vessels  of  the  chorioid  plexus  of  the  lateral  ventricle  receive 
blood  by  the  chorioid  artery  (a  direct  branch  of  the  internal  carotid),  which  enters  the 
plexus  through  the  chorioid  fissure  immediately  behind  the  uncus,  and  also  by  the 
chorioidal  branches  of  the  posterior  cerebral  artery,  which  supply  the  plexus  of  the 
body  of  the  ventricle.  The  chorioid  plexuses  of  the  third  ventricle  receive  blood 
chiefly  by  branches  from  the  superior  cerebellar  arteries.  The  greater  part  of  the 
blood  of  both  plexuses  passes  out  by  way  of  the  tortuous  chorioid  veins,  which,  at  the 
interventricular  foramen,  empty  into  the  vena?  terminales  (veins  of  the  corpus  stri- 
atum) ,  which,  in  their  turn,  go  to  form  the  greater  part  of  the  veins  of  Galen.  Thence 
the  blood  passes  by  way  of  the  vena  cerebri  magna  into  the  straight  sinus.  It  is  prob- 
able that  a  large  part  of  the  cerebro-spinal  fluid  is  derived  by  diffusion  through  the 
walls  of  the  vessels  of  the  chorioid  plexuses. 
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The  nerves  of  the  pia  mater  are  probably  all  for  the  supply  of  the  numerous  blood-vessels 
in  it.  They  accompany  the  vessels  and  form  terminal,  perivascular  plexuses  about  them.  They 
are  chiefly  sympathetic,  vaso-motor  to  the  smooth  muscle  in  the  walls  of  the  vessels.  A  few 
fibres  of  cerebro-spinal  origin  occur,  all  of  which  are;  no  doubt,  of  the  sensory  variety.  The 
nerve  supply  of  the  spinal  pia  mater  is  derived  from  the  recurrent  branches  of  the  spinal  nerves. 


THE  PERIPHERAL  NERVOUS  SYSTEM 

The  intimate  connection  and  consequent  control  exercised  by  the  central  nervous 
system  over  all  the  tissues  and  organs  of  the  body  is  attained  through  the  peripheral 
nervous  system.  This  system,  abundantly  attached  to  the  central  system,  consists 
of  numerous  bundles  of  nerve-fibres  which  divide  and  ramify  throughout  the  body, 
anastomosing  with  each  other  and  forming  various  plexuses,  large  and  small.  The 
terminal  rami  divide  and  subdivide  until  the  division  attains  the  individual  nerve- 
fibres  of  which  they  are  composed,  and  finally  the  nerve-fibres  terminate  in  relations 
with  their  allotted  peripheral  elements.  It  is  by  means  of  this  system  that  stimuli 
arising  in  the  peripheral  tissues  are  conveyed  to  the  central  system,  and  that  im- 
pulses in  response  are  borne  from  the  central  system  to  the  peripheral  organs.  For 
purposes  of  description,  as  well  as  upon  the  basis  of  certain  differences  in  structure, 
arrangement,  and  distribution,  the  peripheral  nervous  system  is  separated  into  two 
main  divisions : — (1)  the  cerebro-spinal  and  (2)  the  sympathetic  system. 

Both  of  these  divisions  include  numerous  ganglia  or  peripheral  groups  of  nerve- 
cells  from  which  arise  a  considerable  proportion  of  the  fibres  forming  their  nerve- 
trunks,  but  neither  of  the  divisions  may  be  considered  wholly  apart  from  the  central 
system  nor  are  they  separate  from  each  other.  The  sensory  or  afferent  fibres  of  the 
cerebro-spinal  nerves  pass  by  way  of  the  afferent  nerve-roots  into  the  central  system 
and  contribute  appreciably  to  its  bulk,  and  the  motor  or  efferent  fibres  of  these  nerves 
have  their  cells  of  origin  (nuclei)  situated  within  the  confines  of  the  central  system. 
The  sympathetic  system  is  intimately  associated  with  the  cerebro-spinal,  and  conse- 
quently with  the  central  system — (1)  by  means  of  fibres  which  enter  the  cerebro- 
spinal ganglia  and  convey  impulses  which  enter  the  central  system;  (2)  by  efferent 
fibres  of  central  origin  which  course  in  the  nerve-trunks  and  terminate  in  the  ganglia 
of  the  sympathetic  system;  (3)  also,  the  sympathetic  trunks  usually  contain  numer- 
ous afferent  cerebro-spinal  fibres  which  thus  course  to  their  peripheral  termination, 
usually  in  the  so-called  'splanchnic  area,'  or  domain  of  the  sympathetic,  in  company 
with  the  sympathetic  fibres.  Likewise  the  peripheral  branches  of  the  cerebro-spinal 
nerves  often  carry  for  varying  distances  numerous  sympathetic  fibres  which  are  on 
their  way  to  terminate  either  in  other  sympathetic  ganglia  or  upon  their  allotted 
tissue-elements. 

The  following  differences  between  the  cerebro-spinal  and  sympathetic  systems 
of  nerves  may  be  cited: — (1)  The  cerebro-spinal  nerves  are  anatomically  continuous 
with  the  brain  and  spinal  cord ;  probably  no  fibres  arising  in  the  sympathetic  ganglia 
actually  enter  the  central  system.  (2)  The  ganglia  of  the  cerebro-spinal  nerves  all 
lie  quite  near  the  central  axis,  in  line  on  either  side  of  it,  and  at  more  or  less  regular 
intervals;  the  sympathetic  ganglia  are  scattered  throughout  the  body  tissues,  are 
far  more  numerous  and  more  variable  in  size,  and  probably  only  the  larger  of  them 
are  symmetrical  for  the  two  sides  of  the  body.  (3)  The  cerebro-spinal  nerves  are 
paired  throughout,  and  the  nerves  of  each  pair  are  symmetrical  as  to  their  origin  and 
also,  with  certain  exceptions  (notably  the  vagus) ,  in  their  course  and  distribution ; 
most  of  the  larger  and  more  proximal  of  the  sympathet  ic  nerve-trunks  are  symmetrical 
for  the  two  sides  of  the  body  ;  many  of  them  are  not,  and  many  of  the  smaller  and 
most  of  the  more  peripheral  nerves  are  not  pairedat  all.  (4)  Even  in  their  finer  twigs, 
the  cerebro-spinal  nerves  of  the  two  sides  probably  do  not  anastomose  with  each 
other  across  the  mid-line  of  the  body;  the  sympathetic  nerves  do  so  abundantly, 
especially  within  the  body  cavity.  (5)  The  cerebro-spinal  nerves  are  distributed  to 
the  ordinary  sensory  surfaces  of  the  body  and  the  organs  of  special  sense  and  to  the 
somatic,  striated  or 'voluntary '  muscles  of  the  body;  the  sympathetic  fibres  are  de- 
voted chiefly  to  the  supply  of  the  so-called  involuntary  muscles  of  the  body,  including 
the  smooth  muscle  in  the  walls  of  the  viscera  and  in  the  walls  of  the  blood  and  lymph 
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jpIG  670.— Showing  the  Relation  between  the  Central  and  the  Peripheral  Nervous 

Systems. 

(Combination  drawing  in  .part  after  Allen  Thompson,  from  Rauber.) 
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vascular  systems,  while  some  serve  as  secretory  fibres  to  the  glands.  (6)  Cerebro- 
spinal nerve-fibres  are  characterized  by  well-developed  medullary  sheaths,  making 
the  nerves  appear  as  white  strands;  most  of  the  sympathetic  fibres  are  non-medul- 
lated,  some  are  partially  medullated,  but  none  possess  as  thick  medullary  sheaths  as 
those  of  the  cerebro-spinal  nerves.    Thus  sympathetic  nerves  appear  as  grey  strands. 

The  cerebro-spinal  nerves. — There  are  forty-three  pairs  of  cerebro-spinal  nerves, 
of  which  thirty-one  pairs  are  attached  to  the  spinal  cord  (spinal  nerves)  and  twelve 
pairs  to  the  encephalon  (cranial  nerves).  The  spinal  nerves  are  the  more  primitive 
and  retain  the  typical  character,  i.e.,  each  is  attached  to  the  spinal  cord  by  two 
roots,  a  dorsal  or  sensory  ganglionated  root,  and  a  ventral,  which  is  motor,  and  thus 
not  ganglionated.  Most  of  the  cranial  nerves  have  only  one  root,  which  in  some  cases 
corresponds  to  a  dorsal  root  and  therefore  has  a  ganglion,  and  in  other  cases  corre- 
sponds, physiologically  at  least,  to  a  ventral  root  of  a  spinal  nerve.  Among  other 
differences,  the  fibres  of  the  first  cranial  nerve,  for  example,  do  not  collect  to  form  a 
distinct  nerve-trunk.  On  account,  therefore,  of  their  more  typical  characters,  it  is 
convenient  to  consider  the  spinal  nerves  first. 


THE  SPINAL  NERVES 

The  spinal  nerves  are  arranged  in  pairs,  the  nerves  of  each  pair  being  symmetrical 
in  their  attachment  to  either  side  of  their  respective  segment  of  the  spinal  cord,  and,  in 
general,  symmetrical  in  their  course  and  distribution.  There  are  usually  thirty-one 
pairs  of  functional  spinal  nerves.  For  purposes  of  description  these  are  topographic- 
ally separated  into  eight  pairs  of  cervical  nerves,  twelve  pairs  of  thoracic  nerves, 
five  pairs  of  lumbar,  five  pairs  of  sacral,  and  one  pair  of  coccygeal  nerves.  Occasionally 
the  coccygeal  or  thirty-first  pair  is  practically  wanting,  while,  on  the  other  hand, 
there  may  be  frequently  found  small  filaments  representing  one  or  even  two  addi- 
tional pairs  of  coccygeal  nerves  below  the  thirty-first  pair.  These  rudimentary 
coccygeal  nerves  are  probably  not  functional.  They  never  pass  outside  the  verte- 
bral canal,  and  often  even  remain  within  the  tubular  portion  of  the  filum  terminale. 
There  sometimes  occurs  an  increase  in  the  number  of  vertebrae  in  the  vertebral  column 
and  in  such  cases  there  is  always  a  corresponding  increase  in  the  number  of  the  spinal 
nerves. 

Origin  and  attachment. — Each  spinal  nerve  is  attached  to  the  spinal  cord  by 
two  roots: — a  sensory  or  afferent  dorsal  root  and  a  motor  or  efferent  ventral  root. 
Each  dorsal  root  has  interposed  in  its  course  an  ovoid  mass  of  nerve-cells,  the  spinal 
ganglion,  and  the  nerve-fibres  forming  the  root  arise  from  the  cells  of  this  ganglion 
and  are  thus  of  peripheral  origin.  The  fibres  composing  the  ventral  root,  on  the  other 
hand,  are  of  central  origin;  they  arise  from  the  large  motor  cells  of  the  ventral  horn 
of  the  grey  column  within  the  spinal  cord.  Each  dorsal  root-fibre  upon  leaving  its 
cell  of  origin  pursues  a  short  tortuous  course  within  the  spinal  ganglion  and  then 
undergoes  a  T-shaped  bifurcation,  one  product  of  which  passes  towards  the  periphery, 
where  it  terminates  for  the  collection  of  sensations  and  is  known  as  the  peripheral 
branch,  or,  since  it  conveys  impulses  towards  the  cell-body,  the  dendrite  of  the  spinal 
ganglion  neurone.  The  other  product  of  the  bifurcation,  the  central  branch,  passes 
into  the  spinal  cord  and  in  its  course  towards  the  cord  contributes  to  form  the  dorsal 
root  proper. 

The  central  branches,  upon  emerging  from  the  spinal  ganglia,  form  a  single  com- 
pact bundle  at  first,  which  passes  through  the  dura  mater  of  the  spinal  cord  and  then 
breaks  up  into  a  series  of  root-filaments  (fila  radicularia) .  These  t  hread-like  bundles 
of  fibres  spread  out  vertically  in  a  fan-like  manner  and  enter  the  cord  in  a  direct 
linear  series  along  its  postero-lateral  sulcus.  The  fibres  of  the  ventral  root  emerge 
from  the  cord  in  a  series  of  more  finely  divided  root  filaments,  which,  unlike  the  enter- 
ing filaments  of  the  dorsal  root,  are  not  arranged  in  direct  linear  series,  but  make  their 
exit  over  a  strip  of  the  ventro-lateral  aspect  of  the  cord  in  some  places  as  much  as 
two  millimetres  wide. 

As  they  enter  the  spinal  cord  the  fibres  of  the  dorsal  roots  undergo  a  Y-shaped  division, 
both  products  of  which  course  in  the  cord  longitudinally,  an  ascending  and  a  descending  branch. 
The  descending  or  caudad  branches  are  shorter  than  the  ascending,  and  soon  enter  and  terminate 
about  the  cells  within  the  grey  column  of  the  cord,  forming  either  associational,  commissural,  or 
reflex  connections,  or  about  cells  whose  fibres  form  cerebellar  connections.  The  ascending 
or  cephalad  branches  are  either  short,  intermediate,  or  long.     The  short  and  intermediate 
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branches  are  similar  in  function  to  the  descending  branches,  save  that  they  become  associated 
with  the  grey  substance  of  segments  of  the  cord  above  rather  than  below  the  level  of  their 
entrance.  The  long  branches  convey  impulses  destined  for  the  structures  of  the  brain,  and  pass 
upwards  in  the  fasciculus  gracilis  or  fasciculus  cuneatus  of  the  cord,  and  terminate  in  the 
nuclei  of  these  fasciculi  in  the  medulla  oblongata  (figs.  646  and  648). 

Aberrant  spinal  ganglia. — In  serial  sections  on  either  side  of  the  spinal  ganglion  of  a 
nerve  there  may  often  be  found  outlying  cells  either  scattered  or  in  groups  of  sufficient  size 
to  be  called  small  ganglia.  Such  are  more  often  found  in  the  dorsal  roots  of  the  lumbar  and  sacral 
nerves.  These  cells  are  nothing  more  than  spinal  ganglion-cells  displaced  in  the  growth 
processes,  and  have  the  same  nature  and  function  as  those  in  the  ganglion.  In  some 
animals  occasional  cells  very  rarely  have  been  found  in  the  outer  portion  of  the  ventral  root. 
These  probably  represent  afferent  fibres  which  enter  the  cord  by  way  of  the  ventral  root.  Like- 
wise, especially  in  the  birds  and  amphibia,  it  has  been  shown  that  occasional  efferent  fibres 
may  pass  from  the  grey  substance  of  the  cord  to  the  periphery  by  way  of  the  dorsal  instead  of 
the  ventral  root. 

Relative  size  of  the  roots. — The  sensory  or  dorsal  root  is  larger  than  the  ventral 
root,  indicating  that  the  sensory  area  to  be  supplied  is  greater  and  perhaps  more 
abundantly  innervated  than  the  area  requiring  motor  fibres.  It  has  been  shown 
that  in  the  entire  thirty-one  spinal  nerves  of  one  side  of  the  body  of  man  the  dorsal 
root  fibres  number  653,627,  while  all  the  corresponding  ventral  roots  contain  but  233,- 
700  fibres,  a  ratio  of  3.2  :  1.   (Ingbert.)    In  the  increase  in  the  size  of  the  nerves  for  the 

Fig.  671. — Dorsal  and  Ventral  Views  of  Spinal  Cord  showing  Manner  of  Attachment 

of  Dorsal  and  Ventral  Roots. 


supply  of  the  limbs  the  gain  of  dorsal  root  or  sensory  fibres  is  far  greater  than  the  gain 
of  ventral  root-fibres.  The  first  cervical  or  the  sub-occipital  nerve  is  always  an  ex- 
ception to  the  rule;  its  dorsal  root  is  always  smaller  than  its  ventral,  and  in  rare  cases 
may  be  rudimentary  or  entirely  absent.  The  spinal  ganglion  and,  therefore,  the  sen- 
sory root  of  the  coccygeal  nerve,  is  also  quite  frequently  absent. 

The  dorsal  and  ventral  root-fibres  of  each  spinal  nerve  proceed  outwards  from 
their  segment  of  attachment  to  the  spinal  cord,  pierce  the  pia  mater  and  arachnoid, 
collect  to  form  their  respective  roots,  and  pass  into  their  respective  intervertebral 
foramina.  On  the  immediate  peripheral  side  of  the  spinal  ganglion  the  two  roots 
blend,  giving  origin  to  the  thus  mixed  nerve-trunk.  As  the  trunk,  the  sensory 
and  motor  fibres  make  their  exit  from  the  vertebral  canal  through  the  intervertebral 
foramen. 

Relation  to  the  meninges. — The  root  filaments  of  each  nerve  receive  connective- 
tissue  support  from  the  pia  mater  and  arachnoid  in  passing  through  them.  In  the 
arachnoid  cavity  they  become  assembled  into  their  respective  nerve-roots,  and  the 
roots,  closely  approaching  each  other,  pass  into  the  dura  mater,  from  which  they  re- 
ceive separate  sheaths  at  first,  but  at  the  peripheral  side  of  the  ganglion  these  sheaths 
blend  into  one,  which,  with  the  subsequent  blending  of  the  roots,  becomes  the  sheath 
or  epineurium  of  the  nerve  trunk.    By  means  of  the  sheaths  derived  from  the 
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meninges,  especially  the  dura,  the  nerve-roots  and  the  trunk  are  attached  to  the  peri- 
osteum of  the  margins  of  the  intervertebral  foramina  and  thus  are  enabled  to  give 
some  lateral  support  to  the  spinal  cord  in  the  upper  portion  of  the  canal.  The 
majority  of  the  spinal  ganglia  lie  in  the  intervertebral  foramina,  closely  ensheathed, 
and  thus  outside  the  actual  sac  or  cavity  of  the  dura  mater.  The  ganglia  of  the  last 
lumbar  and  first  four  sacral  nerves  lie  inside  the  vertebral  canal,  but  since  the  sheath 
derived  from  the  dura  mater  closely  adheres  to  them,  they  are  still  outside  the  sac  of 
the  dura  mater.  The  ganglia  of  the  last  sacral  and  of  the  coccygeal  nerves  (when 
present)  lie  in  tubular  extensions  of  the  sub-dural  cavity,  and  thus  not  only  within 
the  vertebral  canal,  but  actually  within  the  sac  of  the  dura  mater.  The  trunk  of  the 
first  cervical  nerve  is  assembled  within  the  sac  of  the  dura  mater,  and,  therefore,  the 
spinal  ganglion  of  this  nerve,  when  present,  may  lie  within  the  sac. 

Course  and  direction  of  emergence. — Invested  with  the  connective-tissue 
sheath  derived  from  the  meninges,  each  spinal  nerve  emerges  from  the  vertebral  canal 
through  the  intervertebral  foramen  below  the  corresponding  vertebra,  and  in  re- 
lation with  the  spinal  rami  of  the  arteries  and  veins  associated  with  the  blood  supply 
of  the  given  localities  of  the  spinal  cord.  The  first  cervical  nerve  does  not  pass  out- 
wards in  an  intervertebral  foramen  proper,  but  between  the  occipital  bone  and  the 
posterior  arch  of  the  atlas  and  beneath  the  vertebral  artery.  Thus  the  eighth  or  last 
cervical  nerve  emerges  between  the  seventh  cervical  and  the  first  thoracic  vertebra. 

The  first  and  second  pairs  of  cervical  nerves  pass  out  of  the  vertebral  canal  al- 
most at  right  angles  to  the  levels  of  their  attachment  to  the  spinal  cord.  During  the 
early  periods  of  development  the  level  of  exit  of  each  pair  of  spinal  nerves  is  opposite 
the  level  of  its  attachment  to  the  cord,  but,  owing  to  the  fact  that  in  the  later  periods 
the  vertebral  column  grows  more  rapidly  than  the  cord  and  increases  considerably  in 
length  after  the  cord  has  practically  ceased  growing,  all  the  spinal  nerves,  with  the 
exception  of  the  first  two,  pass  downwards  as  well  as  outwards.  The  obliquity  of 
their  course  from  the  level  of  attachment  to  the  level  of  exit  increases  progressively 
from  above  downwards,  and,  as  the  cord  terminates  at  the  level  of  the  second  lumbar 
vertebra,  the  roots  of  the  lower  lumbar  and  of  the  sacral  nerves  pass  at  first  vertically 
downwards  within  the  dura  mater,  and  form  around  the  filum  terminale  a  tapering 
sheaf  of  nerve-roots,  the  cauda  equina  (horse's  tail)  (fig.  566,  p.  759). 

Topography  of  attachment. — The  relations  between  the  levels  of  attachment  of 
the  spinal  nerves  to  the  cord  and  the  spinous  processes  of  the  vertebrae  situated 
opposite  these  levels  have  been  investigated  by  Nuhn  and  by  Reid.  The  following 
table  compiled  by  Reid  gives  the  extreme  limits  of  attachment  as  observed  in  six 
subjects. 

Table  of  Topography  of  Attachment  of  Spinal  Nerves.  (Reid.) 

(A)  signifies  the  highest  level  at  which  the  root  filaments  of  a  given  nerve  are  attached 
to  the  cord,  and  (B)  the  lowest  level  observed.  For  example,  the  root  filaments  of  the  sixth 
thoracic  nerve  may  be  attached  as  high  as  the  lower  border  of  the  spinous  process  of  the  second 
thoracic  vertebra,  or  some  may  be  attached  as  low  as  the  upper  border  of  the  spinous  process  of 
the  fifth  thoracic  vertebra,  but  in  a  given  subject  they  do  not  necessarily  extend  either  as  high 
or  as  low  as  either  of  the  levels  indicated. 

A  little  above  the  posterior  arch  of  atlas. 
Midway  between  posterior  arch  of  atlas  and  spine  of  axis. 
A  little  below  posterior  arch  of  atlas. 

Junction  of  upper  two-thirds  and  lower  third  of  spine  of  axis. 
Just  below  upper  border  of  spine  of  axis. 
Middle  of  spine  of  third  cervical  vertebra. 
Just  below  lower  border  of  spine  of  axis. 
Just  below  lower  border  of  spine  of  fourth  cervical  vertebra. 
Lower  border  of  spine  of  third  cervical  vertebra. 
Lower  border  of  spine  of  fifth  cervical  vertebra. 
Just  below  upper  border  of  spine  of  fourth  cervical  vertebra. 
Just  above  lower  border  of  spine  of  sixth  cervical  vertebra. 
Upper  border  of  spine  of  fifth  cervical  vertebra. 
Upper  border  of  spine  of  seventh  cervical  vertebra. 
Midway  between  spines  of  fifth  cervical  and  sixth  cervical  vertebra. 
Junction  of  upper  two-thirds  and  lower  third  of  interval  between  seventh 

cervical  and  first  thoracic  vertebra. 
Lower  border  of  spine  of  sixth  cervical  vertebra. 
Just  above  lower  border  of  spine  of  first  thoracic  vertebra. 


Nerves 

Second  cervical 

(A) 

(B) 

Third  " 

(A) 

(B) 

Fourth  " 

(A) 

(B) 

Fifth 

(A) 

(B) 

Sixth 

(A) 

(B) 

Seventh  " 

(A) 

(B) 

Eighth  " 

(A) 

(B) 

First  thoracic 

(A) 

(B) 

Second  " 

(A) 

(B) 
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Nerves 

Third  thoracic     (A)  Just  above  middle  of  spine  of  seventh  cervical  vertebra. 

(B)  Lower  border  of  spine  of  second  thoracic  vertebra. 
Fourth    "  (A)  Just  below  upper  border  of  spine  of  first  thoracic  vertebra. 

(B)  Junction  of  upper  third  and  lower  two-thirds  of  spine  of  third  thoracic 
vertebra. 

Fifth       "  (A)  Upper  border  of  spine  of  second  thoracic  vertebra. 

(B)  Junction  of  upper  quarter  and  lower  three-quarters  of  spine  of  fourth 
thoracic  vertebra. 

Sixth       "  (A)  Lower  border  of  spine  of  second  thoracic  vertebra. 

(B)  Just  below  upper  border  of  spine  of  fifth  thoracic  vertebra. 
Seventh  "  (A)  Junction  of  upper  third  and  lower  two-thirds  of  spine  of  fourth  thoracic 

vertebra. 

(B)  Just  above  lower  border  of  spine  of  fifth  thoracic  vertebra. 
Eighth     "  (A)  Junction  of  upper  two-thirds  and  lower  third  of  interval  between  spines 

of  fourth  thoracic  and  fifth  thoracic  vertebra. 
(B)  Junction  of  upper  quarter  and  lower  three-quarters  of  spine  of  sixth 
thoracic  vertebra. 

Ninth      "  (A)  Midway  between  spines  of  fifth  thoracic  and  sixth  thoracic  vertebra. 

(B)  Upper  border  of  spine  of  seventh  thoracic  vertebra. 
Tenth      "  (A)  Midway  between  spines  of  sixth  thoracic  and  seventh  thoracic  vertebra. 

(B)  Middle  of  the  spine  of  eighth  thoracic  vertebra. 
Eleventh  "  (A)  Junction  of  upper  quarter  and  lower  three-quarters  of  spine  of  seventh 

thoracic  vertebra. 

(B)  Just  above  spine  of  ninth  thoracic  vertebra. 
Twelfth   "  (A)  Junction  of  upper  quarter  and  lower  three-quarters  of  spine  of  eighth 

thoracic  vertebra. 

(B)  Just  below  spine  of  ninth  thoracic  vertebra. 
First  lumbar        (A)  Midway  between  spines  of  eighth  thoracic  and  ninth  thoracic  vertebra?. 

(B)  Lower  border  of  spine  of  tenth  thoracic  vertebra. 
Second    "  (A)  Middle  of  spine  of  ninth  thoracic  vertebra. 

(B)  Junction  of  upper  third  and  lower  two-thirds  of  spine  of  eleventh  thoracic 
vertebra. 

Third      "  (A)  Middle  of  spine  of  tenth  thoracic  vertebra. 

(B)  Just  below  spine  of  eleventh  thoracic  vertebra. 
Fourth    "  (A)  Just  below  spine  of  tenth  thoracic  vertebra. 

(B)  Junction  of  upper  quarter  and  lower  three-quarters  of  spine  of  twelfth 
thoracic  vertebra. 

Fifth       "  (A)  Junction  of  upper  third  and  lower  two-thirds  of  spine  of  eleventh  thoracic 

vertebra. 

(B)  Middle  of  spine  of  twelfth  thoracic  vertebra. 
First  sacral  (A)  Just  above  lower  border  of  spine  of  eleventh  thoracic  vertebra. 

Fifth     ' '  (B)  Lower  border  of  spine  of  first  lumbar  vertebra. 

Coccygeal  (A)  Lower  border  of  spine  of  first  lumbar  vertebra. 

(B)  Just  below  upper  border  of  spine  of  second  lumbar  vertebra. 


Relative  size  of  the  nerves. — The  size  of  the  different  spinal  nerves  varies  greatly. 
Just  as  the  spinal  cord  shows  marked  enlargements  in  the  cervical  and  lumbar 
regions  necessitated  by  the  greater  amount  of  innervation  required  of  these  regions 
for  the  structures  of  the  upper  and  lower  limbs,  so  the  nerves  attached  to  these  regions 
are  considerably  larger  than  elsewhere.  The  smaller  nerves  are  found  in  the  two 
extremities  of  the  series  and  in  the  mid-thoracic  region.  The  smallest  nerve  is  the 
coccygeal,  and  the  next  in  order  of  size  are  the  lower  sacral  and  the  first  two  or  three 
cervical  nerves.  The  largest  nerves  are  those  which  contribute  most  to  the  great 
nerve-trunks  for  the  innervation  of  the  skin  and  muscles  of  the  limbs: — the  lower 
cervical  and  first  thoracic  for  the  upper  limbs  and  the  lower  lumbar  and  first  sacral 
for  the  lower  limbs.  The  nerves  gradually  increase  in  the  series  in  passing  from  the 
smaller  towards  the  larger. 

The  primary  divisions  of  the  nerve-trunk. — A  typical  spinal  nerve  (middle 
thoracic,  for  example),  just  as  it  emerges  from  the  intervertebral  foramen,  divides 
into  four  branches: — the  two  large  primary  divisions;  viz.,  the  posterior  primary 
division  (ramus  posterior)  and  the  anterior  primary  division  (ramus  anterior) ; 
third,  the  small  ramus  communicans,  by  which  it  is  connected  with  the  sympathetic; 
and  fourth,  the  smaller,  ramus  meningeus  (recurrent  branch),  which  immediately 
turns  centralwards  for  the  innervation  of  the  membranes  of  the  spinal  cord. 

In  general,  the  posterior  primary  division  passes  dorsalwards  between  the  arches 
or  transverse  processes  of  the  two  adjacent  vertebrae  in  relation  with  the  anterior 
costo-transverse  ligament,  and  then  divides  (with  the  exception  of  the  first  cervical, 
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the  fourth  and  fifth  thoracic,  and  the  coccygeal  nerves)  into  a  medial  (internal) 
branch  and  a  lateral  (external)  branch.  The  medial  branch  turns  inwards  towards 
the  spinous  processes  of  the  vertebrae,  and  supplies  the  bones  and  joints  and  the  mus- 
cles about  them,  and  may  or  may  not  supply  the  skin  overlying  them.  The  lateral 
branch  turns  outwards  and  dorsalwards  and  also  supplies  the  adjacent  muscles  and 
bones,  and,  if  the  medial  branch  has  not  supplied  the  overlying  skin,  it  terminates 
in  cutaneous  twigs.  In  the  upper  half  of  the  spinal  nerves  the  medial  branches 
supply  the  skin;  in  the  lower  half,  it  is  the  lateral  branches  which  do  so.  Both 
branches  of  almost  all  the  posterior  divisions,  especially  those  of  the  lower  nerves, 
show  a  tendency  to  run  caudal  wards  and  thus  are  distributed  to  muscles  and.  skin 
below  the  levels  of  their  respective  intervertebral  foramina.  They  never  supply  the 
muscles  of  the  limbs,  though  their  cutaneous  distribution  extends  upon  the  buttock, 
the  shoulder,  and  the  skin  of  the  back  of  the  head  as  far  upwards  as  the  vertex. 
The  posterior  primary  divisions,  with  the  exception  of  those  of  the  first  three  cer- 
vical nerves,  are  much  smaller  than  the  anterior  primary  divisions. 

As  their  mixed  function  suggests,  the  posterior  primary  divisions  contain  both 
nerve-fibres  from  the  ventral  roots  and  peripheral  fibres  (dendrites)  arising  from  the 
spinal  ganglion-cells.  If  the  nerve-trunk  on  the  immediate  peripheral  side  of 
the  spinal  ganglion  be  teased,  bundles  of  ventral  root-fibres  may  be  seen  crossing 
the  trunk  obliquely  to  enter  the  posterior  division,  and  fibres  from  the  spinal 


Fig.  672. — Diagrams  Illustrating  the  Origin  and  Distribution  of  a  Typical  Spinal  Nerve. 
A,  in  thoracic  region;  B,  in  region  of  a  limb  (highly  schematic). 
A  .  B 


Alimentary  canal  Limb  ANTERIOR  OR 

VENTRAL  BRANCH 


ganglion  may  also  be  traced  into  it.  Also  a  few  sympathetic  fibres,  derived 
chiefly  by  way  of  the  ramus  communicans,  are  known  to  course  in  it  for  distribution 
in  the  walls  of  the  blood-vessels,  etc.,  of  the  area  it  supplies. 

The  anterior  primary  divisions  run  outwards  and  ventralwards.  With  the 
exception  of  the  first  three  cervical  nerves,  they  are  larger  than  the  posterior  primary 
divisions,  and  appear  as  direct  continuations  of  the  nerve-trunks.  Only  in  case  of 
most  of  the  thoracic  nerves  do  they  remain  independent  in  their  course.  In  these 
they  run  outwards  and  ventralwards  in  the  body-wall.  In  general,  these  divisions 
supply  the  lateral  and  ventral  parts  of  the  body,  the  limbs,  and  the  perineum.  In 
the  cervical,  lumbar,  and  sacral  regions  they  lose  their  anatomical  identity  by  divid- 
ing, subdividing,  and  anastomosing  with  each  other  so  as  to  give  rise  to  the  three 
great  cerebro-spinal  plexuses  of  the  body — the  cervical,  the  brachial,  and  the 
lumbo-sacral  plexuses.  The  majority  of  the  thoracic  nerves  retain  the  typical  or 
primitive  character  in  both  their  anterior  and  posterior  primary  divisions.  In  them 
the  anterior  division  (intercostal  nerve)  divides  into  a  lateral  or  dorsal  and  an  an- 
terior or  ventral  branch,  both  of  which  subdivide.  The  lateral  branch  is  chiefly 
cutaneous;  it  pierces  the  superficial  muscles  and,  in  the  subcutaneous  connective 
tissue,  divides  into  a  smaller  posterior  and  a  larger  anterior  ramus,  which  respectively 
supply  the  skin  of  the  sides  and  the  lateral  part  of  the  ventral  surface  of  the  body. 
The  anterior  branch  continues  ventralwards  in  the  body- wall,  giving  off  twigs  along 
its  course  to  the  adjacent  muscles  and  bones,  and,  as  it  approaches  the  ventral  mid- 
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line  of  the  body,  it  turns  sharply  outwards  and  sends  rami  medianwards  and  lateral- 
wards  to  supply  the  skin  of  the  ventral  aspect  of  the  body.  In  the  region  of  the 
limbs  the  typical  arrangement  is  interfered  with  in  that  what  corresponds  to  the  lateral 
and  anterior  branches  of  the  division  are  carried  out  into  the  limbs  for  the  skin  and 
muscles  there,  instead  of  supplying  the  lateral  and  ventral  parts  of  the  body- wall. 

Nerve-fibres  arising  in  the  spinal  ganglion  and  fibres  from  the  ventral  or  motor 
root  pass  directly  from  the  nerve-trunk  into  the  anterior  primary  division  of  the 
spinal  nerve.  This  division  also  receives  sympathetic  nerve-fibres  by  way  of  the 
ramus  communicans.  These  latter  accompany  the  division  and  are  distributed  to 
their  allotted  elements  in  the  territory  it  supplies. 

The  rami  communicantes  are  small,  short,  thread-like  branches  by  which  the 
nerve-trunks  are  connected  with  the  nearest  ganglion  of  the  vertically  running 
gangliated  cord  of  the  sympathetic  (sympathetic  trunk).  The  trunk  or  an- 
terior primary  division  of  every  spinal  nerve  has  at  least  one  of  these;  most 

Fig.  673. — Diagram  Illustrating  the  Origin  of  the  Component  Nerve-fibres  of  the 
Primary  Divisions  of  a  Typical  Spinal  Nerve. 
AS,  Afferent  sympathetic  fibre;  D,  Dogiel  spinal  ganglion-cell  of  type  II. 


of  the  nerves  have  two,  and  sometimes  there  are  three.  The  nerves  of  the 
cervical  region  usually  have  but  one,  and  this  is  composed  largely  of  sympathetic 
fibres  (grey  ramus).  Where  there  are  two,  one  usually  contains  medullated  fibres 
sufficient  to  give  it  a  whiter  appearance  (white  ramus).  In  the  upper  cervical 
and  in  the  sacral  regions  one  sympathetic  ganglion  may  be  connected  with  two 
or  more  spinal  nerves,  and  sometimes  one  nerve  is  connected  with  two  ganglia. 
The  rami  communicantes  of  the  spinal  nerves  are  equivalent  to  the  communicating 
rami  connecting  certain  of  the  cranial  nerves  with  the  sympathetic  system  (tri- 
geminus, glosso-pharyngeus,  vagus).  The  medullated  fibres  of  the  rami  and,  there- 
fore, the  white  rami  consist  chiefly  of  fibres  from  the  spinal  nerves,  viz.,  fibres  from 
the  spinal  ganglion-cells  which  enter  and  course  to  their  distribution  through  the 
sympathetic  nerves,  splanchnic  afferent  fibres,  and  fibres  from  the  ventral  roots 
of  the  spinal  nerves  which  terminate  in  the  sympathetic  ganglia,  splanchnic  efferent 
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fibres.  Thus  the  white  rami  have  been  termed  the  visceral  divisions  of  the  spinal 
nerves.  The  grey  rami  consist  chiefly  of  sympathetic  fibres,  most  of  which  are  non- 
medullated  or  partially  medullated,  and  which  course  to  their  distribution  by  way  of 
the  spinal  nerves.  Some  of  the  sympathetic  fibres  terminate  in  the  spinal  ganglion, 
afferent  sympathetic  fibres  (fig.  673).  The  usual  absence  of  white  rami  communi- 
cantes  from  the  cervical  nerves  is  explained  on  the  grounds — (1)  that  probably 
relatively  few  efferent  splanchnic  fibres  are  given  to  the  sympathetic  from  this 
region  of  the  cord;  (2)  that  many  of  the  efferent  splanchnic  fibres  which  do  arise 
from  this  region  of  the  cord  probably  join  the  rootlets  of  the  spinal  accessory  or 
eleventh  cranial  nerve  and  pass  to  the  sympathetic  system  through  the  trunk  of  this 
nerve,  and  through  the  vagus  with  which  it  anastomoses;  and  (3)  that  such  of  these 
fibres  as  are  given  off  from  the  lower  segments  of  this  region,  descend  the  cord  and 
pass  out  by  way  of  the  upper  thoracic  nerves  which  give  very  evident  white  rami  to 
the  sympathetic. 

The  meningeal  or  recurrent  branch  (figs.  672,  673,  and  685)  is  very  small  and 
variable,  and  is  seldom  seen  in  ordinary  dissections.  It  is  given  off  from  the  nerve- 
trunk  just  before  its  anterior  and  posterior  primary  divisions  are  formed.  It  con- 
sists of  a  few  peripheral  branches  of  spinal  ganglion-cells  (sensory  fibres)  which  leave 
the  nerve-trunk  and  re-enter  the  vertebral  canal  for  the  innervation  of  the  meninges, 
and  which  are  joined  by  a  twig  from  the  grey  ramus  or  directly  from  the  nearest 
sympathetic  ganglion  (vaso-motor  fibres).  There  is  considerable  evidence,  both 
physiological  and  anatomical,  obtained  chiefly  from  the  animals,  which  shows  that 
at  times  certain  of  the  peripheral  spinal  ganglion  or  sensory  fibres  may  turn  back- 
wards in  the  nerve-trunk  and  pass  to  the  meninges  within  the  ventral  root  instead 
of  contributing  to  a  recurrent  branch.  The  occurrence  of  such  fibres  in  the  ventral 
root  explains  the  physiological  phenomenon  known  as  'recurrent  sensibility.'  Like- 
wise, sympathetic  fibres  entering  the  trunk  through  the  grey  ramus  may  pass  to  the 
meninges  by  way  of  the  ventral  root,  and  at  times  the  recurrent  branch  is  probably 
absent  altogether,  its  place  being  taken  entirely  by  the  meningeal  fibres  passing  in 
the  ventral  root. 

Areas  of  distribution  of  the  spinal  nerves. — Both  the  posterior  and  anterior 
primary  divisions  divide  and  subdivide  repeatedly,  and  their  component  fibres  are 
distributed  to  areas  of  the  body  more  or  less  constant  for  the  nerves  of  each  pair,  but 
the  distribution  of  the  different  nerves  is  very  variable.  Corresponding  to  their 
attachment,  each  to  a  given  segment  of  the  spinal  cord,  the  nerves  have  primarily 
a  segmental  distribution,  but,  owing  to  the  developmental  changes  and  displacement 
of  parts  during  the  growth  of  the  body,  the  segmental  distribution  becomes  greatly 
obscured  and  in  some  nerves  practically  obliterated.  Naturally  it  is  more  retained 
by  the  nerves  supplying  the  trunk  than  by  those  contributing  to  the  innervation  of 
the  limbs  and  head,  and  the  areas  supplied  by  the  posterior  primary  divisions  are 
less  disturbed  than  those  supplied  by  the  anterior.  The  segmental  areas  of  cutaneous 
distribution  of  the  posterior  divisions  are  more  evident  than  the  areas  of  muscle 
supplied  by  these  divisions,  from  the  fact  that  the  segmental  myotomes  from  which 
the  dorsal  muscles  arise  fuse  together  and  overlap  each  other  considerably  during 
development.  No  nerve  has  a  definitely  prescribed  area  of  distribution,  cutaneous 
or  muscular,  for  its  area  is  always  considerably  overlapped  by  the  areas  of  the  nerves 
adjacent  to  it.  The  mid-thoracic  nerves  more  nearly  supply  a  definitely  prescribed 
belt  of  the  body. 

POSTERIOR  PRIMARY  DIVISIONS 

The  posterior  primary  divisions  of  the  spinal  nerves  spring  from  the  trunks 
immediately  outside  the  intervertebral  foramina,  and  they  pass  backwards  between 
the  adjacent  transverse  processes.  With  the  exceptions  of  the  first  and  second  cer- 
vical nerves  they  are  smaller  than  the  corresponding  anterior  primary  divisions,  and 
after  passing  between  the  transverse  processes  into  the  region  of  the  back  they 
divide  into  medial  and  lateral  branches.  This  division,  however,  does  not  occur 
in  the  cases  of  the  first  cervical,  the  last  two  sacral,  and  the  coccygeal  nerves. 

Cervical  Nerves 

The  posterior  primary  division  of  the  first  cervical  or  sub-occipital  nerve 

is  larger  than  the  anterior  primary  division.     It  springs  from  the  trunk,  between 
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the  vertebral  artery  and  the  posterior  arch  of  the  atlas,  passes  backwards  into  the 
sub-occipital  triangle,  and  breaks  up  into  branches  which  supply  the  superior 
oblique,  the  inferior  oblique,  and  the  rectus  capitis  posterior  major  muscles, 
which  form  the  lateral  boundaries  of  the  triangle.  It  also  gives  a  branch  across 
the  posterior  surface  of  the  rectus  capitis  posterior  major  to  the  rectus  capitis 
posterior  minor,  and  a  branch  to  the  semispinalis  capitis  (complexus)  in  the  roof  of 
the  triangle.  It  communicates  with  the  medial  branch  of  the  posterior  primary 
division  of  the  second  cervical  nerve,  either  through  or  over  the  inferior  oblique 
muscle,  and  it  occasionally  gives  a  cutaneous  branch  to  the  skin  of  the  upper  part 
of  the  back  of  the  neck  and  the  lower  part  of  the  scalp. 

The  posterior  primary  division  of  the  second  cervical  nerve  is  the  largest 
posterior  division  of  all.  It  divides  into  a  small  lateral  branch  and  a  very  large  medial 
branch.  The  lateral  branch  gives  a  twig  to  the  inferior  oblique  and  terminates  in 
branches  which  supply  the  splenius  and  longissimus  capitis  (trachelo-mastoid) 
muscles.  The  medial  branch  is  the  greater  occipital  nerve.  It  turns  around  the 
lower  border  of  the  inferior  oblique,  crosses  the  sub-occipital  triangle  obliquely,  pierces 
the  semispinalis  capitis  (complexus),  the  tendon  of  the  trapezius,  and  the  deep 
cervical  fascia,  passing  through  the  latter  immediately  below  the  superior  nuchal 
line  of  the  occipital  bone,  and  it  divides  into  several  terminal  branches  which  ramify 
in  the  superficial  fascia  of  the  scalp.  It  gives  one  or  two  motor  twigs  to  the  semi- 
spinalis capitis  (complexus),  and  its  terminal  branches  which  are  accompanied  by 
branches  of  the  occipital  artery  supply  the  skin  of  the  scalp,  above  the  superior  nuchal 
line,  as  far  forwards  as  the  vertex.  Occasionally  one  branch  reaches  the  pinna  and 
supplies  the  skin  on  the  upper  part  of  its  medial  aspect.  As  it  turns  around  the  in- 
ferior oblique  it  gives  communicating  branches  to  the  medial  branches  of  the  pos- 
terior primary  divisions  of  the  first  and  third  cervical  nerves,  and  in  this  manner 
a  small  looped  plexus  is  formed  beneath  the  semispinalis  capitis  (complexus)  muscle, 
the  posterior  cervical  plexus  of  Cruveilhier. 

The  posterior  primary  branches  of  the  third,  fourth,  and  fifth  cervical 
nerves  divide  at  the  outer  border  of  the  semispinalis  colli  into  medial  and  lateral 
branches.  The  medial  branches  of  the  third,  fourth,  and  fifth  nerves  run  back- 
wards between  the  semispinalis  colli  and  capitis  (complexus),  supplying  both  muscles. 
Then,  after  passing  backwards  between  the  semispinalis  capitis  and  the  ligamentum 
nuchse,  they  pierce  the  origin  of  the  trapezius  and  supply  the  skin  of  the  back  of  the 
neck.  The  greater  part  of  the  medial  branch  of  the  third  nerve,  which  runs  upwards 
in  the  superficial  fascia  to  the  scalp,  is  called  the  third  or  smallest  occipital  nerve; 
it  communicates  with  the  greater  occipital  nerve,  and  it  supplies  the  skin  of  the  upper 
part  of  the  back  of  the  neck,  near  the  middle  line,  and  the  skin  of  the  scalp  in  the 
region  of  the  external  occipital  protuberance. 

The  medial  branches  of  the  posterior  primary  divisions  of  the  sixth,  seventh, 
and  eighth  cervical  nerves  pass  to  the  median  side  of  the  semispinalis  colli,  between  it 
and  the  subjacent  multifidus  spina?,  and  they  end  in  the  neighbouring  muscles.  The 
lateral  branches  of  the  posterior  primary  divisions  of  the  last  five  cervical 
nerves  are  small  and  they  are  distributed  to  the  longissimus  capitis  (trachelo-mas- 
toid), the  ilio-costalis  cervicis  (cervicalis  ascendens),  the  longissimus  cervicis  (trans- 
versalis  cervicis),  the  semispinalis  capitis  (complexus),  and  the  splenius  muscles. 

Thoracic  Nerves 

The  posterior  primary  divisions  of  all  the  thoracic  nerves  divide  into  medial 
and  lateral  branches  as  soon  as  they  enter  the  vertebral  groove.  The  medial 
branches  of  the  upper  six  thoracic  nerves  pass  backwards  between  the  semi- 
spinalis dorsi  and  the  multifidus  spinse;  they  supply  the  spinalis  dorsi,  the  semi- 
spinalis dorsi,  the  multifidus  spinse,  the  rotatores  spinse,  the  intertransversales,  and 
the  interspinales  muscles,  and  they  end  in  cutaneous  branches  which,  after  piercing 
the  trapezius,  turn  lateralwards  in  the  superficial  fascia  of  the  back,  and  supply  the 
skin  as  far  as  the  middle  of  the  scapula.  The  cutaneous  branch  of  the  second 
nerve  is  the  largest;  it  can  be  traced  lateralwards  as  far  as  the  acromion  process. 
The  medial  branches  of  the  lower  six  thoracic  nerves  run  dorsalwards,  between 
the  longissimus  dorsi  and  the  multifidus  spinse;  they  chiefly  end  in  twigs  to  the  adja- 
cent muscles,  but  not  uncommonly  they  give  small  cutaneous  twigs  which  pierce  the 
latissimus  dorsi  and  the  trapezius- and  end  in  the  skin  near  the  mid-line  of  the  back. 
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The  lateral  branches  of  the  upper  six  thoracic  nerves  pass  between  the  longis- 
simus  dorsi  and  the  ilio-costalis  dorsi  (accessorius)  and  end  in  those  muscles,  but  the 
lateral  branches  of  the  six  lower  nerves  are  longer;  they  pass  into  the  interval 
between  the  longissimus  dorsi  and  the  ilio-costalis  dorsi  and  give  branches  to  them, 
and  then  they  pierce  the  latissimus  dorsi  and  are  distributed  to  the  skin  of  the  lower 
and  lateral  part  of  the  back. 


Fig.  674. — Distribution  of  the  Posterior  Primary  Divisions  of  the  Spinal 

Nerves.  (Henle.) 


boideuB 
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Lumbar  Nerves 

The  medial  branches  of  the  posterior  primary  divisions  of  all  the  lumbar  nerves 
end  in  the  multifidus  spinse  and  those  of  the  three  lower  nerves  send  very  small 
branches  to  the  skin  of  the  sacral  region. 
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The  lateral  branches  of  the  upper  three  nerves  pass  obliquely  lateralwards, 
supplying  twigs  to  the  adjacent  muscles,  pierce  the  posterior  layer  of  the  lumbar 
aponeurosis  at  the  outer  border  of  the  sacro-spinalis  (erector  spinse)  and  enter  the 
subcutaneous  tissue.  They  are,  for  the  most  part,  cutaneous,  forming  the  superior 
clunial  nerves,  which  cross  the  crest  of  the  ilium  and  pass  downwards  to  occupy  differ- 
ent planes  in  the  thick  superficial  fascia  which  covers  the  upper  part  of  the  gluteus 
medius.  The  branch  from  the  first  nerve  is  comparatively  small,  and  occupies  the 
most  superficial  plane.  The  second  occupies  an  intermediate  position.  The  branch 
from  the  third  nerve  is  the  largest  of  the  three,  and  occupies  the  lowest  position; 
it  distributes  branches  over  the  gluteus  maximus  as  far  as  the  great  trochanter.  The 
three  nerves  anastomose  with  one  another  and  also  with  the  cutaneous  branches 
from  the  posterior  primary  divisions  of  the  two  upper  sacral  nerves.  The  lateral 
branch  of  the  fourth  lumbar  nerve  is  of  small  size  and  ends  in  the  lower  part  of  the 
sacro-spinalis  (erector  spinse).  The  lateral  branch  of  the  fifth  lumbar  is  distributed 
to  the  sacro-spinalis  and  communicates  with  the  first  sacral  nerve. 


Sacral  Nerves 

The  posterior  primary  divisions  of  the  upper  four  sacral  nerves  escape  from  the 
vertebral  canal  by  passing  through  the  posterior  sacral  foramina;  those  of  the  fifth 
sacral  nerve  pass  out  through  the  hiatus  sacralis  between  the  posterior  sacro-coccy- 
geal  ligaments.  The  upper  three  sacral  nerves  divide  in  the  ordinary  manner  into 
medial  and  lateral  branches ;  the  lower  two  sacral  nerves  remain  undivided. 

The  medial  branches  of  the  upper  three  sacral  nerves  are  of  small  size,  and  are 
distributed  to  the  multifidus  spinse.  The  lateral  branches  anastomose  with  one 
another  and  with  the  external  branch  of  the  last  lumbar  nerve,  forming  loops  on  the 
posterior  surface  of  the  sacrum  from  which  branches  proceed  to  the  posterior  surface 
of  the  sacro-tuberous  (great  sacro-sciatic)  ligament,  where  they  anastomose  and 
form  a  second  series  of  loops,  and  from  these  two  or  three  branches  are  given  off. 
These  branches  pierce  the  gluteus  maximus  and  come  to  the  surface  of  that  muscle  in  a 
line  between  the  posterior  superior  spine  of  the  ilium  and  the  tip  of  the  coccyx. 
Then,  as  the  middle  clunial  nerves,  they  are  distributed  to  the  integument  over  the 
inner  part  of  the  gluteus  maximus,  and  communicate,  in  their  course  through  the 
superficial  fascia,  with  the  posterior  branches  of  the  lumbar  nerves. 

The  posterior  divisions  of  the  lower  two  sacral  nerves  unite  with  one  another, 
with  the  posterior  branch  of  the  third  sacral,  and  with  the  coccygeal  nerve,  forming 
loops  from  which  twigs  pass  to  the  integument  over  the  lower  end  of  the  coccyx. 

The  posterior  division  of  the  coccygeal  nerve  is  also  undivided.  It  separates 
from  the  anterior  division  in  the  sacral  canal  and  emerges  through  the  hiatus  sacralis, 
pierces  the  ligaments  which  close  the  lower  part  of  that  canal,  receives  a  communica- 
tion from  the  posterior  division  of  the  last  sacral  nerve,  and  ends  in  the  skin  over  the 
back  of  the  coccyx. 

ANTERIOR  PRIMARY  DIVISIONS 

The  anterior  primary  divisions  of  the  spinal  nerves,  with  the  exceptions  of  the 
first  and  second  cervical  nerves,  are  larger  than  the  posterior  primary  divisions, 
and  each  is  joined  near  its  origin  by  a  grey  ramus  communicans  from  the  sympa- 
thetic gangliated  cord  (figs.  675,  676,  685) .  Beginning  with  the  first  or  second  tho- 
racic nerve  and  ending  with  the  second  or  third  lumbar  nerve,  each  anterior  division 
sends  to  the  gangliated  cord  a  white  ramus  communicans.  The  same  is  true  of  the 
second  and  third  or  of  the  third  and  fourth  sacral  nerves.  These  white  rami  are 
appropriately  designated  the  visceral  branches  of  the  spinal  nerves.  The  anterior 
primary  divisions  of  the  cervical,  lumbar,  sacral,  and  coccygeal  nerves  unite  with  one 
another  to  form  plexuses,  but  the  anterior  primary  divisions  of  the  thoracic  nerves,  ex- 
cept the  first  and  last,  remain  separate,  pursue  independent  courses,  and  each  divides, 
in  a  typical  manner,  into  a  lateral  and  an  anterior  or  ventral  branch.  The  separa- 
tion of  the  anterior  primary  division  into  lateral  and  anterior  branches  is  not  confined 
to  the  thoracic  nerves;  it  occurs  also  in  the  lower  cervical,  the  lumbar,  and  the  sacral 
nerves,  but  such  a  division  cannot  be  clearly  distinguished  either  in  the  upper  cervical 
nerves,  or  in  the  coccygeal  nerve. 


THE  CERVICAL  PLEXUS 


911 


Cervical  Nerves 

The  anterior  primary  divisions  of  the  upper  four  cervical  nerves  unite  to  form 
the  cervical  plexus,  and  each  receives  a  communicating  branch  from  the  superior 
cervical  sympathetic  ganglion.  The  anterior  divisions  of  the  lower  four  cervical 
nerves  are  joined  by  the  greater  part  of  the  first  thoracic  nerve  and  they  unite  to 
form  the  brachial  plexus  (figs.  675,  678,  679).  The  fifth  and  sixth  cervical  nerves 
receive  communicating  branches  from  the  middle  cervical  sympathetic  ganglion, 
and  the  seventh  and  eighth  from  the  inferior  cervical  ganglion,  while  the  first  thoracic 
nerve  is  always  connected  with  the  first  thoracic  sympathetic  ganglion  by  a  grey 
ramus  (figs.  675  and  718)  and  in  most  cases  also  by  a  white  ramus  communicans. 


THE  CERVICAL  PLEXUS 

The  cervical  plexus  (figs.  675  and  676)  is  formed  by  the  anterior  primary  divisions 
of  the  upper  four  cervical  nerves  which  constitute  the  roots  of  the  plexus.  It  lies 
in  the  upper  part  of  the  side  of  the  neck,  under  cover  of  the  sterno-mastoid,  and  upon 
the  levator  scapulae  and  the  scalenus  medius.  It  is  a  looped  plexus,  consisting  of 
three  loops.  The  convexity  of  the  upper  loop  is  turned  forwards,  and  the  convexi- 
ties of  the  lower  two  loops  are  directed  backwards. 

As  the  anterior  primary  division  of  the  first  cervical  nerve  passes  to  the  plexus 
it  runs  outwards  on  the  posterior  arch  of  the  atlas  beneath  the  vertebral  artery, 
then  it  turns  forwards,  between  the  vertebral  artery  and  the  outer  side  of  the  upper 
articular  process  of  the  atlas,  and  finally  it  descends,  in  front  of  the  transverse 
process  of  the  atlas,  and  unites  with  the  upper  branch  of  the  second  nerve,  forming 
with  it  the  first  loop  of  the  plexus.  It  gives  branches  to  the  rectus  capitis  lateralis, 
longus  capitis  (rectus  capitis  anterior  major),  and  to  the  rectus  capitis  anterior 
(minor).  It  communicates  with  the  ganglion  of  the  trunk  of  the  vagus,  with  the 
superior  cervical  ganglion  of  the  sympathetic  system,  and  by  two  branches  with  the 
hypoglossal  nerve  (fig.  676).  These  communications  with  the  latter  form  the 
descendens  hypoglossi  and  give  the  branches  to  the  genio-hyoid  and  thyreo-hyoid 
muscles. 

The  second  cervical  nerve  (anterior  primary  division)  passes  behind  the  upper 
articular  process  of  the  axis  and  the  vertebral  artery,  and  between  the  intertrans- 
verse muscles  extending  from  the  first  to  the  second  cervical  vertebra?,  to  the  inter- 
val between  the  scalenus  medius  and  the  longus  capitis  (rectus  capitis  anterior 
major),  where  it  divides  into  two  parts.  The  upper  part  ascends  and  unites  with 
the  first  nerve  to  form  the  first  loop  of  the  plexus,  and  the  lower  branch  passes  down- 
wards and  backwards  and  joins  the  upper  branch  of  the  third  nerve  in  the  second 
loop  of  the  plexus  (figs.  675,  676).  It  gives  off  the  small  occipital  nerve  and  a  fila- 
ment to  the  sterno-mastoid,  which  communicates  with  the  spinal  accessory  nerve  in 
the  substance  of  the  muscle,  and  it  gives  branches  which  assist  in  forming  the  ansa 
hypoglossi,  the  cervical  cutaneous,  and  the  great  auricular  nerve  (fig.  676). 

The  third  and  fourth  cervical  nerves  pass  behind  the  vertebral  artery  (fig.  675) 
and  between  the  intertransverse  muscles  to  the  interval  between  the  scalenus  medius 
and  the  longus  capitis  (rectus  capitis  anterior  major),  where  the  third  unites  with  the 
second  and  fourth  nerves  and  completes  the  lower  two  loops  of  the  plexus.  The 
anterior  divisions  of  these  nerves  are  about  double  the  size  of  the  preceding.  The 
third  gives  off  a  branch  to  the  ansa  hypoglossi,  the  larger  part  of  the  great  auricular 
and  cervical  cutaneous  nerves,  a  branch  to  the  phrenic,  a  branch  to  the  supra-clavi- 
cular nerves,  and  muscular  branches  to  the  scalenus  medius,  levator  scapulae,  longus 
capitis,  and  trapezius  (fig.  676).  This  last  branch  communicates  with  the  spinal 
accessory  nerve  beneath  the  muscle.  The  fourth  nerve  gives  a  branch  to  the  phrenic, 
a  branch  to  the  supra-clavicular  nerves,  and  muscular  branches  to  the  scalenus 
medius,  levator  scapulae,  longus  colli,  and  trapezius  (fig.  676).  The  branch  to  the 
trapezius  unites  with  one  from  the  third  nerve  and  communicates  with  the  spinal 
accessory  nerve  beneath  the  muscle. 

Each  root  of  the  plexus  receives  a  communicating  grey  ramus  from  the  superior 
cervical  ganglion  of  the  sympathetic,  and  from  the  roots  and  loops  of  the  plexus  a 
number  of  branches  arise  which  form  two  main  groups,  the  superficial  and  the 
deep. 
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Superficial  Branches  of  the  Cervical  Plexus 

The  superficial  branches  are  described,  according  to  the  direction  in  which  they 
run,  as  ascending,  transverse,  and  descending  branches.  The  ascending  branches 
are  the  small  occipital  and  the  great  auricular  nerves.    There  is  only  one  transverse 


Fig. 


675. — Origin  of  the  Cervical  and  Brachial  Plexus.    (After  Toldt,  "Atlas  of  Human 
Anatomy,"  Rebman,  London  and  New  York.) 

MUSCULAR  BRANCH  TO  RECTUS  CAPITIS  ANTERIOR 

AND  LATERALIS  AND  LONGUS  CAPITIS  INTERNAL  CAROTID  ARTERY 

Rectus  eapits  anterior 


RectuB  capitis  lateralis 


MUSCULAR  RRANCH  TO  LONGUS  CAPITIS  •„ 
AND  LONGUS  COLLI 


COMMUNICATING  BRANCH  TO 
DESCENDENS  HYPOGLOSSI 

SMALL  OCCIPITAL 
COMMUNICATING  BRANCH  TO 
EXTERNAL  BRANCH  OF  SPINAL  ACCESSORY 

GREA  T  A  URICULA  R  . .. . 
CERVICAL  CUTANEOUS  ^ 

MUSCULAR  BRANCH  - 
SUPRA-CLA  VICULARS  -< 

PHRENIC 
DORSAL  SCAPULAR  

SUPRA-SCAPULAR  ■ 


AXIL  LAP 


RADIAL 


MUSCULO- 
CUTANEOUS 


MEDIAN 

ULNAR 
MIDDLE  - 
ANTI-  . 
BRACHIAL  '■ 
CUTANEOUS 
SUBSCAPULAR 


LONG  THORACIC 


INTERNAL 
CAROTID  NERVE 
FIRST  CER  VICA  L 

NERVE 
RAMUS  CO  31- 

MUNICANS 

SECOND  CERVI- 
CAL NER  VE 

SUPERIOR 
CERVICAL 
GANGLION 
THIRD  AND 
FOURTH  CER  VI- 
'    CAL  NERVES 
RAMUS  COM- 
.  MUNICANS 

■  Vertebral  artery 

GANGLIATED 

■  CORD 
FIFTH,  SIXTH, 

?     AND  SEVENTH 
CERVICAL 
NER  VES 


.  MIDDLE  CERVI- 
CAL GANGLION 

EIGHTH  CERVI- 
CAL NERVE 
INFERIOR 
'  CERVICAL 
GANGLION 

FIRST  THOR- 
ACIC GANGLION 


FIRST  THOR- 
ACIC NERVE 

VERTEBRAL 
PLEXUS 


SUBCLA  VIAN 
PLEXUS 


ANSA 
SUBCLA  VIA 
( VIEUSSENII) 


Subclavian  artery 


Serratus  anterior 

ANTERIOR  THORACIC 


Scalenus  mediua 


branch,  the  cervical  cutaneous  (transverse  cervical),  and  the  descending  branches 
are  distinguished  as  the  supraclavicular  nerves. 

The  ascending  branches.— (1)  The  Small  Occipital  Nerve  (fig.  675)  arises  from 
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the  second  and  third  cervical  nerves  or  from  the  loop  between  them  and  runs  up- 
wards and  backwards  to  the  posterior  border  of  the  sterno-mastoid,  where  it  hooks 
around  the  lower  border  of  the  spinal  accessory  nerve  and  then  ascends  along  the 
posterior  border  of  the  muscle  to  the  mastoid  process.  It  pierces  the  deep  cervical 
fascia  and  passes  across  the  posterior  part  of  the  insertion  of  the  sterno-mastoid  into 
the  superficial  fascia  of  the  scalp,  in  which  it  breaks  up  into  auricular,  mastoid,  and 
occipital  terminal  branches,  (a)  The  auricular  branch  runs  upwards  and  slightly 
forwards  to  reach  the  integument  on  the  upper  median  part  of  the  pinna,  to  which 
it  is  distributed,  (b)  The  mastoid  branch  is  distributed  to  the  skin  covering  the 
base  of  the  mastoid  process,    (c)  The  occipital  branches  ramify  over  the  occipitalis 

Fig.  676. — Diagram  of  the  Cervical  Plexus. 
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muscle  and  are  distributed  to  the  skin  of  the  scalp ;  they  communicate  with  one  an- 
other and  with  the  great  occipital  nerve.  The  branches  of  the  small  occipital  nerve 
anastomose  with  twigs  of  the  posterior  auricular,  great  auricular,  and  great  occipital 
nerves  (fig.  677). 

(2)  The  Great  Auricular  Nerve  arises  from  the  second  and  third  cervical  nerves 
(figs.  675j  676) .  It  accompanies  the  small  occipital  to  the  posterior  border  of  the 
sterno-mastoid,  but  at  that  point  it  diverges  from  the  small  occipital  (fig.  677)  and 
runs  upwards  and  forwards  across  the  sterno-mastoid  towards  the  angle  of  the 
mandible.  When  it  is  about  half-way  across  the  muscle  it  begins  to  break  up  into 
its  terminal  branches,  which  are  named,  according  to  the  area  of  their  distribution, 
58 
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mastoid,  auricular,  and  facial.  As  the  nerve  ascends  obliquely  across  the  sterno- 
mastoid  it  is  embedded  in  the  deep  cervical  fascia,  is  covered  by  superficial  fascia 
and  the  platysma,  and  it  lies  parallel  with  and  slightly  behind  the  external  jugular 
vein,  (a)  The  mastoid  branch  is  small,  and  is  distributed  to  the  integument  cover- 
ing the  mastoid  process.  It  anastomoses  with  the  posterior  auricular  and  small 
occipital  nerves,  (b)  The  auricular  branches  are  three  or  four  stout  twigs  which 
anastomose  with  the  branches  of  the  posterior  auricular  nerve;  they  cross  the  super- 
ficial surface  of  the  posterior  auricular  branch  of  the  facial,  and  are  distributed  to 
the  skin  on  the  back  of  the  pinna  with  the  exception  of  its  uppermost  part.  One  or 
two  twigs  pass  through  fissures  in  the  cartilage  of  the  pinna,  and  are  distributed  to 


Fig.  677. — Superficial  Branches  of  the  Cervical  Plexus 
After  Hirsehfeld  and  Leveille.) 
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the  integument  on  the  outer  surface  of  the  lobule  and  the  outer  surface  of  the  lower 
part  of  the  helix  and  anthelix.  (c)  The  facial  branches  pass  upwards  and  forwards 
among  the  superficial  lobules  of  the  parotid  gland,  and  supply  the  skin  over  that 
gland  and  immediately  in  front  of  it,  and  they  anastomose  in  the  substance  of  the 
gland  with  the  cervico-facial  division  of  the  facial  nerve.  In  some  cases  fine  twigs 
may  be  traced  forwards  nearly  to  the  angle  of  the  mouth. 

Transverse  branch. — The  Superficial  Cervical  Cutaneous  Nerve  (transverse 
cervical)  arises  from  the  second  and  third  cervical  nerves  (figs.  675,  676),  and 
appears  at  the  posterior  border  of  the  sterno-mastoid,  a  little  below  the  great  auric- 
ular nerve.  It  passes  transversely  across  the  sterno-mastoid  under  cover  of  the  integ- 
ument, platysma,  and  external  jugular  vein,  and  divides  into  a  number  of  twigs  which 
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spread  out  after  the  manner  of  a  fan,  and,  as  they  approach  the  middle  line,  extend 
from  the  chin  to  the  sternum  (fig.  677).  The  upper  two  or  three  of  these  twigs  unite, 
beneath  the  platysma,  with  the  cervical  (inframandibular)  branch  of  the  facial  and 
thus  form  loops.  From  the  terminal  branches  of  the  nerve  numerous  twigs  arise 
which  pierce  the  platysma  and  end  in  the  skin  of  the  front  part  of  the  neck. 

The  descending  or  supra-clavicular  branches. — These  are  derived  from  the 
third  and  fourth  cervical  nerves  (figs.  675  and  676) ,  and  arise  under  cover  of  the  sterno- 
mastoid.  At  their  commencements  they  are  usually  united  with  the  muscular 
branches  destined  for  the  trapezius.  They  become  superficial  at  the  middle  of  the 
posterior  border  of  the  sterno-mastoid,  and  as  they  pass  downwards  they  pierce  the 
deep  cervical  fascia.  (1)  The  anterior  supra-clavicular  (suprasternal)  branches 
(fig.  677)  are  small,  and  cross  over  the  clavicular  origin  of  the  sterno-mastoid  to 
reach  the  integument  over  the  upper  part  of  the  manubrium  sterni.  They  also 
supply  the  sterno-clavicular  joint.  (2)  The  middle  supra-clavicular  (supra- 
clavicular) nerves  are  of  considerable  size.  They  cross  in  front  of  the  middle 
third  of  the  clavicle  under  cover  of  the  platysma,  and  are  distributed  to  the  skin 
covering  the  upper  part  of  the  pectoralis  major  as  low  as  the  third  rib.  (3)  The 
posterior  supra-clavicular  (supra-acromial)  branches  (fig.  677)  cross  the  clavi- 
cular insertion  of  the  trapezius  and  the  acromion  process.  They  are  distributed  to 
the  skin  which  covers  the  upper  two-thirds  of  the  deltoid  muscle  and  they  supply 
the  acromio-clavicular  joint. 

Deep  Branches  of  the  Cervical  Plexus 

The  deep  branches  of  the  plexus  pass  outwards  and  dorsalwards,  or  ventralwards 
and  inwards;  therefore  they  form  two  series,  the  external  and  the  internal. 

The  external  branches  of  the  deep  series  include  communicating  branches  from 
the  second,  third,  and  fourth  cervical  nerves  to  the  spinal  accessory  nerve,  and 
muscular  branches  to  the  sterno-mastoid  and  the  scalenus  medius,  levator  scapula?, 
and  trapezius. 

The  communicating  branches  of  the  external. — The  communicating  branch 
from  the  second  cervical  nerve  is  ultimately  distributed  to  the  sterno-mastoid,  and 
those  from  the  third  and  fourth  nerves  end  in  the  trapezius. 

1.  The  Nerve  to  the  Sterno-mastoid  arises  from  the  second  cervical  nerve  (fig. 
677).  It  pierces  the  deep  surface  of  the  sterno-mastoid,  and  communicates  within 
the  muscle  with  the  spinal  accessory  nerve. 

2.  The  Nerves  to  the  Scalenus  Medius  (fig.  676)  are  derived  from  the  third 
and  fourth  cervical  nerves  close  to  their  exit  from  the  intervertebral  foramina. 

3.  The  Nerves  to  the  Levator  Scapulae  (fig.  676)  are  derived  from  the  third 
and  fourth  cervical  nerves,  and  occasionally  from  the  second.  They  pierce  the  super- 
ficial surface  of  the  levator  scapula?,  and  supply  the  upper  three  divisions  of  that 
muscle. 

4.  The  branches  to  the  Trapezius  (fig.  676)  are  usually  in  the  form  of  two  stout 
twigs  which  are  given  off  by  the  third  and  fourth  cervical  nerves.  They  emerge  from 
under  cover  of  the  sterno-mastoid  at  its  posterior  border  and  cross  the  posterior 
superior  triangle  of  the  neck  at  a  lower  level  than  the  spinal  accessory  nerve  (fig.  677). 
They  pass  under  cover  of  the  trapezius  in  company  with  the  last-named  nerve,  and 
communicate  with  it  to  form  the  subtrapezial  plexus,  from  which  the  trapezius  is 
supplied. 

The  internal  branches  of  the  deep  series  also  comprise  communicating  and 
muscular  branches. 

The  communicating  branches  of  the  internal  (figs.  675  and  676)  include 
(1)  branches  which  connect  each  of  the  first  four  cervical  nerves  with  the  superior 
cervical  ganglion  of  the  sympathetic;  (2)  a  communicating  branch  to  the  vagus; 
(3)  a  communicating  branch  to  the  hypoglossal;  and  (4)  communicating  branches 
which  pass  from  the  second  and  third  cervical  nerves  to  the  descendens  hypoglossi 
(see  p.  988).  The  ultimate  distribution  of  the  twigs  connected  with  the  sympathetic 
and  the  vagus  nerves  is  not  known,  but  the  fibres  which  pass  to  the  hypoglossal 
nerve  pass  from  it  to  the  thyreo-hyoideus  muscle,  and  to  the  descendens  hypoglossi, 
and  the  latter  communicates  with  the  branches  from  the  second  and  third  cervical 
nerves,  forming  with  them  a  loop,  the  ansa  hypoglossi,  which  lies  on  the  carotid 
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sheath.  From  this  loop  the  two  bellies  of  the  omo-hyoid  muscle  and  the  sterno- 
hyoid and  sterno-thyreoid  muscles  are  supplied. 

The  muscular  branches  supply  the  rectus  capitis  lateralis,  the  longus  capitis 
(rectus  capitis  anterior  major),  the  rectus  capitis  anterior  (minor),  the  scalenus  an- 
terior, and  the  diaphragm.    The  nerve  to  the  latter  muscle  is  the  phrenic. 

1.  The  branch  to  the  Rectus  Capitis  Lateralis  is  furnished  to  that  muscle  by 
the  first  nerve  as  it  crosses  the  deep  surface  of  the  muscle. 

2.  The  nerve  to  the  Rectus  Capitis  Anterior  (minor)  is  given  off  by  the  first 
nerve  at  the  upper  part  of  the  loop  in  front  of  the  transverse  process  Of  the  atlas. 

3.  The  Longus  Capitis  (rectus  capitis  anterior  major)  receives  twigs  from 
the  upper  four  cervical  nerves. 

4.  The  Longus  Colli  receives  branches  from  the  second,  third,  and  fourth  cervi- 
cal nerves,  and  additional  branches  also  from  the  fifth  and  sixth  nerves. 

5.  The  Phrenic  Nerve  (fig.  676)  springs  chiefly  from  the  fourth  cervical  nerve, 
but  it  usually  receives  a  twig  from  the  third  and  another  from  the  fifth  cervical  nerve, 
a  small  communicating  branch  from  the  sympathetic,  and,  rarely,  a  branch  from  the 
vagus.  The  twig  from  the  fifth  cervical  nerve  is  frequently  connected  with  the  nerve 
to  the  subclavius.  After  the  union  of  its  roots  the  phrenic  nerve  passes  downwards 
and  inwards  on  the  scalenus  anterior  (fig.  679) .  In  this  part  of  its  course  it  is  crossed 
by  the  tendon  of  the  omo-hyoid  and  by  the  transverse  cervical  and  transverse 
scapular  (suprascapular)  arteries.  It  is  overlapped  by  the  internal  jugular  vein, 
and  it  is  covered  by  the  sterno-mastoid  muscle.  At  the  root  of  the  neck  the  left 
phrenic  nerve  lies  behind  the  terminal  portion  of  the  thoracic  duct,  and  each  nerve 
passes  off  the  anterior  border  of  the  scalenus  anterior  and  descends  in  front  of  the 
first  part  of  the  subclavian  artery  and  the  pleura  immediately  below  that  artery; 
it  passes  behind  the  terminal  part  of  the  subclavian  vein,  crosses  either  in  front  of  or 
behind  the  internal  mammary  artery  and  gains  the  inner  surface  of  the  pleural  sac. 
From  the  root  of  the  neck  the  relations  of  the  phrenic  nerves  differ.  The  right 
phrenic  nerve  descends  along  the  inner  surface  of  the  right  pleural  sac  and  crosses  in 
front  of  the  root  of  the  lung.  It  is  accompanied  by  the  pericardiaco-phrenic  artery 
(comes  nervi  phrenici),  and  it  is  in  relation  internally,  and  from  above  downwards, 
with  the  right  innominate  vein,  the  superior  vena  cava,  and  the  pericardium,  the  latter 
membrane  separating  it  from  the  wall  of  the  right  atrium  (auricle).  The  left  phrenic 
nerve  descends  along  the  inner  surface  of  the  left  pleural  sac  accompanied  by  the 
pericardiaco-phrenic  (comes  nervi  phrenici)  artery.  In  the  superior  mediastinum 
it  lies  between  the  left  common  carotid  and  the  left  subclavian  arteries,  and  it  crosses 
in  front  of  the  left  vagus,  the  left  superior  intercostal  vein,  and  the  arch  of  the  aorta. 
Below  the  arch  of  the  aorta  it  crosses  in  front  of  the  root  of  the  left  lung,  and  then  lies 
along  the  left  lateral  surface  of  the  pericardium,  which  separates  it  from  the  wall  of 
the  left  ventricle. 

Branches. — Both  phrenic  nerves  distribute  branches  to  the  pericardium  and  to 
the  pleura.  The  right  nerve  gives  off  a  branch,  pericardiac,  which  accompanies  the 
superior  vena  cava  and  supplies  the  pericardium.  Each  phrenic  nerve  divides  into 
numerous  terminal  phrenico-abdominal  branches.  As  a  rule,  the  right  phrenic 
nerve  divides  into  two  main  terminal  branches,  an  anterior  and  a  posterior.  The 
anterior  branch  runs  forwards  and  one  of  its  terminal  filaments  anastomoses  with  the 
phrenic  of  the  opposite  side  in  front  of  the  pericardium ;  others  descend  between  the 
sternal  and  costal  origins  of  the  diaphragm  into  the  abdomen,  where  some  of  them 
supply  the  diaphragm  and  others  descend  in  the  falciform  ligament  to  the  peritoneum 
of  the  upper  surface  of  the  liver.  The  posterior  branch  passes  through  the  vena 
caval  opening  and  ramifies  upon  the  lower  surface  of  the  diaphragm,  anastomosing 
with  the  diaphragmatic  plexus  of  the  sympathetic,  and  its  terminal  branches  supply 
the  muscular  fibres  of  the  right  half  of  the  diaphragm,  the  inferior  vena  cava,  and  the 
right  suprarenal  gland. 

The  left  phrenic  nerve  divides  into  several  branches.  One  of  the  most  anterior 
branches  anastomoses  with  the  right  phrenic  nerve;  the  others  pierce  the  diaphragm 
and  ramify  on  its  under  surface,  where  they  anastomose  with  filaments  of  the  left 
diaphragmatic  plexus  of  the  sympathetic  and  supply  the  left  half  of  the  diaphragm 
and  the  left  suprarenal  gland.  The  left  phrenic  nerve  is  considerably  longer  than  the 
right  nerve,  partly  on  account  of  the  lower  level  of  the  diaphragm  on  the  left  side,  and 
partly  on  account  of  the  greater  convexity  of  the  left  side  of  the  pericardium. 
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THE  BRACHIAL  PLEXUS 

The  brachial  plexus  (figs.  675,  678,  679)  is  formed  by  the  anterior  primary 
divisions  of  the  four  lower  cervical  nerves  and  the  greater  part  of  the  first  thoracic 
nerve.  It  is  usually  joined  by  small  communicating  twigs  from  the  fourth  cervical 
and  second  thoracic  nerves. 

The  anterior  primary  divisions  of  the  lower  four  cervical  nerves,  after  crossing 
behind  the  vertebral  artery  and  between  the  anterior  and  posterior  parts  of  the  inter- 
transverse muscles,  pass  into  the  posterior  triangle  in  the  interval  between  the  adjacent 
borders  of  the  anterior  and  middle  scalene  muscles,  where  the  fifth  and  sixth  nerves 
receive  a  grey  ramus  communicans  each  from  the  middle  cervical  sympathetic  ganglion, 
and  the  seventh  and  eighth  nerves  each  receive  a  grey  ramus  from  the  inferior  cervical 
sympathetic  ganglion.  The  first  thoracic  is  connected  by  two  rami  communicantes 
with  the  first  thoracic  sympathetic  ganglion,  and  it  divides  into  a  smaller  and  a  larger 
branch.  The  smaller  branch  passes  along  the  intercostal  space  as  the  intercostal 
nerve,  and  the  larger  branch,  after  being  joined  by  a  communication  from  the  second 


Fig.  678. — Diagram  of  a  Common  Form  of  Brachial  Plexus. 
The  posterior  cord  of  the  plexus  is  darkly  shaded. 
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thoracic  nerve,  passes  upwards  and  outwards,  in  front  of  the  neck  of  the  first  rib  and 
behind  the  apex  of  the  pleural  sac,  into  the  lower  part  of  the  posterior  triangle  of  the 
neck,  where  it  takes  part  in  the  formation  of  the  plexus. 

■  The  anterior  primary  divisions  of  those  cervical  nerves  that  form  the  brachial 
plexus  may  be  considered  as  typically  giving  off  anterior  and  posterior  branches,  ex- 
cept that  the  fifth  and  sixth  nerves  often  unite  before  branching  and  give  off  their 
posterior  branches  as  a  common  trunk,  and  the  eighth  nerve  often  receives  its  com- 
munication from  the  first  thoracic  nerve  before  giving  off  its  posterior  branch. 

It  is  on  account  of  this  variation  in  the  point  of  union  of  the  fifth  and  sixth  cervical 
nerves  and  of  the  eighth  cervical  and  first  thoracic  nerves  that  so  many  different 
forms  of  the  plexus  have  been  pictured  and  described.  But  if  the  differences  in  pri- 
mary branching  be  borne  in  mind,  the  formation  of  the  plexus  is  always  uniform  and 
simple,  notwithstanding  its  different  appearances. 

The  three  cords  are  formed  from  these  branches  in  the  following  manner: — (1) 
The  outer  cord  is  formed  by  the  anterior  branches  of  the  fifth,  sixth,  and  seventh 
nerves;  (2)  the  inner  cord,  by  the  anterior  branches  of  the  eighth  cervical  and  first 
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thoracic  nerves;  and  (3)  the  posterior  cord,  by  the  posterior  branches  of  all  of  these 
cervical  nerves. 

The  plexus  extends  from  the  outer  border  of  the  scalenus  anterior,  where  the  roots 
of  its  constituent  nerves  appear,  to  the  lower  border  of  the  pectoralis  minor,  where 
each  of  its  three  cords  divides  into  two  terminal  branches,  and  it  lies  in  the  posterior 
triangle,  in  the  root  of  the  neck,  and  in  the  axillary  fossa.  In  the  posterior  triangle 
and  the  root  of  the  neck  it  is  in  relation  behind  with  the  scalenus  medius  (figs.  675, 


Fig.  679. — The  Brachial  Plexus  and  Branches  of  the  Region  of  the  Neck  and  Shoulder. 
(After  Toldt,  "Atlas of  Human  Anatomy,"  Rebman,  London  and  New  York.) 


Internal  jugular  vein 
PHRENIC  ! 
BRANCH  TO  LEVATOR  SCAPULJE 


VA  G  US 


ANTERIOR  BRANCH  OF  CERVICAL  V 


SUPRASCAPULAR 


POSTERIOR j 
THORACIC  \ 


DORSAL  SCAPULAR\ 
LONG  THORACIC  ': 


SUPRA-CLAVICULAR  PORTION  OF  PLEXUS 
SUBSCAPULAR 
AXILLARY  AND  RADIAL 
TWIG  TO  CORACO-BRACHIALIS  \ 
MUSCULOCUTANEOUS       J  J 


MUSCULAR 
BRANCHES  OF 
AXILLARY 


DESCENDERS 
HYPOGLOSSI 
Sterno-hyoideus 
and  sterno- 
thyreoideus 

SUBCLAVIAN 
MUSCLE  AND 
^.  NERVE 

ANTERIOR 
THORACIC 


LATERAL / 
A  NTIBRA  CHI  A  L 
CUTANEOUS 


LONG  THORACIC  TO 
SERRATUS  ANTERIOR 


\  THOR A  CO-DORSAL  TO 
^   ZATISSIMUS  IIORSI 


N  Brachial  artery 
ULNAR 

MEDIAL  A  NTIBRA  CHI  A  L 


CUTANEOUS 


MEDIAN 


679) .  In  the  posterior  triangle  it  is  covered  superficially  by  the  skin  and  superficial 
fascia,  the  platysma,  the  supra-clavicular  branches  of  the  cervical  plexus,  and  the 
deep  fascia,  and  it  is  crossed  by  the  lower  part  of  the  external  jugular  vein,  by  the  nerve 
to  the  subclavius,  the  transverse  cervical  vein  and  the  transverse  scapular  (supra- 
scapular) vein,  the  posterior  belly  of  the  omo-hyoid  muscle,  and  by  the  transverse 
cervical  artery.  At  the  root  of  the  neck  it  lies  behind  the  clavicle  and  the  sub- 
clavius muscle,  and  the  transverse  scapular  (suprascapular)  artery  crosses  in  front 
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of  it.  In  the  axillary  fossa  the  cords  are  arranged  around  the  axillary  artery,  the 
outer  cord  lying  to  the  outer  side,  the  inner  cord  to  the  inner  side,  and  the  posterior 
cord  behind  the  artery.  In  this  region  the  posterior  relations  of  the  plexus  are  the  fat 
in  the  upper  part  of  the  fossa  and  the  subscapularis  muscle,  and  it  is  covered  in  front  by 
the  pectoral  muscles  and  the  coraco-clavicular  fascia.  The  lower  border  of  the 
plexus  is  in  relation  in  the  posterior  triangle  and  the  root  of  the  neck  with  the  pleura 
and  the  first  rib,  and  it  is  overlapped  in  front  by  the  third  part  of  the  subclavian 
artery.  In  the  axillary  fossa  the  lower  cord  which  forms  the  lower  border  of  the 
plexus  is  overlapped  anteriorly  by  the  axillary  vein.  The  upper  and  outer  border 
of  the  plexus  has  no  very  important  relations. 

The  branches  of  the  plexus  are  given  off  either  from  the  roots  above  the  clavicle, 
or  from  the  cords  behind  and  below  the  clavicle.  The  branches  from  the  cords  are 
lateral  branches  and  terminal  branches. 

The  branches  from  the  supra-clavicular  portion. — After  the  roots  of  the 
plexus  have  received  communications  from  the  sympathetic,  which  have  already  been 
referred  to,  they  give  off  a  series  of  muscular  branches,  viz. — the  posterior  thoracic 
nerves  (the  dorsai  scapular  and  the  long  thoracic  nerves),  the  suprascapular  nerve,  a 
communicating  twig  to  the  phrenic,  the  nerve  to  the  subclavius,  and  small  twigs  to 
the  scalene  muscles  and  the  longus  colli  muscle. 

The  posterior  thoracic  nerves  are  two  in  number: — (a)  the  dorsal  scapular 
(nerve  to  the  rhomboids)  arises  principally  from  the  fifth  cervical  nerve,  but  it  fre- 
quently receives  a  twig  from  the  fourth  nerve  (fig.  675) .  It  passes  downwards  and 
dorsalwards,  across  the  middle  scalene,  parallel  with  and  below  the  spinal  accessory 
nerve  to  the  anterior  border  of  the  levator  scapulae,  under  which  it  disappears.  It 
continues  its  descent  under  cover  of  the  levator  scapulas  and  the  rhomboids  almost 
to  the  lower  angle  of  the  scapula,  lying  a  little  internal  to  the  posterior  border  of  the 
bone,  and  it  supplies  the  lower  fibres  of  the  levator  and  the  smaller  and  larger  rhom- 
boid muscles. 

(b)  The  Long  Thoracic  Nerve  (external  respiratory  of  Bell)  usually  arises,  by 
three  roots,  from  the  fifth,  sixth,  and  seventh  cervical  nerves.  The  last  is  sometimes 
absent  (figs.  675  and  678).  The  upper  two  roots  traverse  the  substance  of  the 
scalenus  medius;  the  root  from  the  seventh  passes  in  front  of  that  muscle.  Twigs 
are  furnished  to  the  superior  portion  of  the  serratus  anterior  by  the  upper  two  roots ; 
lower  down  they  unite  and  are  subsequently  joined  by  the  root  from  the  seventh 
when  present.  The  trunk  of  the  nerve  passes  downwards  behind  the  brachial  plexus 
and  the  first  stage  of  the  axillary  artery,  and  runs  along  the  axillary  surface  of  the 
serratus  anterior  (magnus) ,  supplying  twigs  to  each  of  the  digitations  of  that  muscle 
(fig.  679). 

The  Suprascapular  Nerve  (fig.  675)  receives  fibres  from  the  fifth  and  sixth  cervi- 
cal nerves,  and  occasionally  also  a  twig  from  the  fourth  nerve.  It  is  a  nerve  of  con- 
siderable size,  and  it  passes  downwards  and  dorsalwards  parallel  with  the  dorsal  scapu- 
lar nerve,  at  first  along  the  upper  border  of  the  posterior  belly  of  the  omo-hyoid 
muscle,  then  internal  to  the  latter  muscle  and  under  cover  of  the  anterior  border  of 
the  trapezius  to  the  suprascapular  notch  (fig.  679) ,  where  it  comes  into  relation  with 
the  transverse  scapular  (suprascapular)  artery.  It  is  separated  from  the  artery  at  the 
notch  by  the  superior  transverse  ligament,  the  nerve  passing  through  the  notch  and 
the  artery  above  the  ligament.  After  entering  the  supraspinous  fossa  the  nerve 
supplies  branches  to  the  supraspinatus  and  a  branch  to  the  shoulder-joint;  then  it 
descends  through  the  great  scapular  notch  between  the  bone  and  the  inferior  trans- 
verse ligament  to  the  infraspinous  fossa,  where  it  terminates  in  the  infraspinatus 
muscle. 

The  communicating  twig  to  the  phrenic  (fig.  675)  arises  from  the  fifth  nerve 
close  to  the  point  where  the  latter  nerve  receives  its  communicating  twig  from  the 
cervical  plexus. 

The  nerve  to  the  subclavius  (fig.  679)  is  a  small  twig  which  arises  from  the  fifth 
nerve  or  from  the  upper  trunk  of  the  plexus,  but  occasionally  it  receives  additional 
fibres  from  the  fourth  and  sixth  nerves.  It  runs  downwards  in  front  of  the  lower  part 
of  the  plexus  and  the  third  stage  of  the  subclavian  artery  and,  after  giving  off  some- 
times a  communicating  branch  to  the  phrenic,  pierces  the  posterior  layer  of  the  coraco- 
clavicular  fascia,  and  enters  the  subclavius  at  its  lower  border. 

Variety. — In  rare  cases  the  entire  phrenic  nerve  may  pass  via  the  nerve  to  the  subclavius  in 
front  of  the  third  stage  of  the  subclavian  artery. 
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The  scaleni  and  longus  colli  (figs.  675,  678)  are  supplied  by  twigs  which  arise  from 
the  lower  three  or  four  cervical  nerves  immediately  after  their  exit  from  the  inter- 
vertebral foramina. 

The  lateral  branches  of  the  infra-clavicular  portion  are  the  anterior  thoracic 
nerves  (external  and  internal),  from  the  outer  and  inner  cords  respectively,  the 
medial  antibrachial  (internal)  cutaneous  and  the  medial  brachial  (lesser  internal) 
cutaneous  nerves,  from  the  inner  cord,  and  the  subscapular  nerves  and  thoraco-dorsal 
from  the  posterior  cord. 

The  external  anterior  thoracic  nerve  arises  from  the  outer  cord  of  the  plexus 
and  contains  fibres  from  the  fifth,  sixth,  and  seventh  nerves  (figs.  675,  678,  679). 
After  communicating  with  the  internal  anterior  thoracic  it  pierces  the  coraco-clavicu- 
lar  fascia  and  ends  in  branches  that  supply  the  pectoralis  major  muscle.  The  internal 
anterior  thoracic  nerve  arises  from  the  inner  cord  (figs.  675,  678,  679),  contains 
fibres  from  the  eighth  cervical  and  first  thoracic  nerves,  and  passes  forwards  between 
the  first  stage  of  the  axillary  artery  and  the  axillary  vein.  It  unites  with  a  branch 
from  the  external  anterior  thoracic,  to  form  a  loop  which  is  placed  in  front  of  the 
first  stage  of  the  axillary  artery;  it  gives  branches  to  the  pectoralis  minor,  and 
branches  which  pass  through  the  latter  muscle  and  end  in  the  pectoralis  major. 
From  the  loop  additional  branches  are  furnished  to  the  pectoralis  major. 

The  Medial  Brachial  (Lesser  Internal)  Cutaneous  Nerve,  or  nerve  of  Wris- 
berg  (fig.  678),  arises  from  the  inner  cord  of  the  brachial  plexus  and  sometimes  con- 
tains fibres  from  the  eighth  cervical  and  first  thoracic  nerves,  but  usually  fibres  from 
the  first  t  horacic  nerve  alone.  It  runs  downwards  on  t  he  inner  side  of  the  axillary  vein, 
being  separated  by  that  vessel  from  the  ulnar  nerve,  and  it  continues  downwards 
with  a  slight  inclination  dorsalwards  under  cover  of  the  deep  fascia  on  the  inner  side 
of  the  arm.  At  the  middle  of  the  arm  it  pierces  the  deep  fascia,  and  near  the  bend 
of  the  elbow  it  turns  somewhat  sharply  dorsalwards  to  supply  the  integument  which 
covers  the  olecranon  process  (fig.  680).  As  it  traverses  the  axilla  the  nerve  of  Wris- 
berg  communicates  with  the  inter costo-brachial  nerve,  forming  one,  or  sometimes 
two  loops  (fig.  678).  In  its  course  down  the  arm  it  gives  a  few  fine  twigs  to  the  in- 
tegument. This  nerve  may  be  absent,  its  place  being  taken  by  the  intercosto- 
brachial  or  by  part  of  the  posterior  brachial  (internal)  cutaneous  branch  of  the  radial 
(musculo-spiral)  or,  rarely,  by  a  branch  from  the  first  intercostal  nerve. 

The  Medial  Antibrachial  (Internal)  Cutaneous  Nerve  (figs.  675  and  678)  arises 
from  the  inner  cord  immediately  above  the  ulnar  nerve.  It  contains  fibres  from  the 
eighth  cervical  and  first  thoracic  nerves.  At  its  origin  it  lies  directly  on  the  inner 
side  of  the  axillary  artery  (fig.  679),  but  it  soon  becomes  more  superficial  and  then 
lies  in  the  groove  between  the  artery  and  the  vein.  In  the  upper  two-thirds  of  the 
arm  it  lies  in  front  and  to  the  inner  side  of  the  brachial  artery. 

At  the  junction  of  the  middle  and  lower  thirds  of  the  arm  this  nerve  pierces  the 
deep  fascia,  in  company  with  the  basilic  vein,  and  divides  into  an  anterior  and  a  poste- 
rior branch.  Previous  to  its  division  it  gives  off  twigs  which  pierce  the  deep  fascia 
and  supply  the  integument  of  the  upper  and  inner  part  of  the  arm.  The  volar 
(anterior)  branch  is  larger  than  the  ulnar  (posterior) ;  it  passes  in  front  of  or  behind 
the  median  basilic  vein,  and  divides  into  several  twigs  which  run  down  the  forearm, 
supplying  the  integument  covering  its  anterior  and  internal  aspect  as  far  as  the 
wrist,  and  anastomosing  with  the  branches  of  the  ulnar  nerve.  The  ulnar  (posterior) 
branch  passes  downwards  and  dorsalwards  in  front  of  the  internal  condyle  of  the 
humerus,  and  divides  into  branches  which  supply  the  skin  on  the  postero-internal 
aspect  of  the  forearm.  It  anastomoses  with  the  dorsal  antibrachial  (inferior  external) 
cutaneous  branch  of  the  radial  (musculo-spiral)  nerve  and  the  dorsal  branch  of  the 
ulnar  nerve. 

The  Subscapular  Nerves  are  branches  of  the  posterior  cord  (fig.  678).  They  are 
three  in  number,  are  distinguished  as  upper,  thoraco-dorsal  or  middle,  and  lower,  and 
are  distributed  to  the  subscapularis,  latissimus  dorsi,  and  teres  major  muscles. 

The  upper  or  short  subscapular  nerve  is  derived  from  the  fifth  and  sixth  cervical 
nerves.  It  lies  in  the  upper  and  posterior  part  of  the  axillary  fossa,  and  it  is  distri- 
buted exclusively  to  the  subscapularis  muscle.    It  is  occasionally  double. 

The  thoraco-dorsal,  middle,  or  long  subscapular  nerve  consists  mainly  of  fibres 
from  the  seventh  and  eighth  cervical  nerves,  but  it  may  contain  fibres  frpm  the 
fifth  or  the  sixth  nerve.    It  passes  behind  the  axillary  artery,  accompanies  the 
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subscapular  artery  along  the  axillary  margin  of  the  subscapularis  muscle,  and  ends 
in  the  latissimus  dorsi  (fig.  679). 

The  lower  subscapular  nerve,  carrying  fibres  from  the  fifth  and  sixth  cervical 
nerves,  passes  behind  the  subscapular  artery,  below  the  circumflex  branch  (dorsalis 
scapula?) ,  and  is  distributed  to  the  teres  major,  and  furnishes  to  the  subscapularis  one 
or  two  twigs  which  enter  that  muscle  near  its  axillary  margin. 

The  terminal  branches  are  two  from  each  cord.  The  posterior  cord  divides 
into  the  axillary  (circumflex)  and  the  radial  (musculo-spiral)  nerves.  The  outer 
cord  divides  into  the  musculo-cutaneous  nerve,  and  the  outer  root  of  the  median 
nerve;  the  inner  cord  into  the  ulnar  nerve,  and  the  inner  root  of  the  median  nerve. 

The  Axillary  (Circumflex)  Nerve  is  the  smaller  of  the  two  terminal  branches  of 
the  posterior  cord,  and  contains  fibres  from  the  fifth  and  sixth  cervical  nerves  (figs.  675 
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and  678) .  At  the  lower  border  of  the  subscapularis  it  passes  dorsalwards  and  accom- 
panies the  posterior  circumflex  artery  through  the  quadrilateral  space,  which  is 
bounded  by  the  teres  major,  long  head  of  triceps,  and  subscapularis  muscles,  and  the 
surgical  neck  of  the  humerus,  and  it  divides  into  a  smaller  superior  and  a  larger  in- 
ferior division.  Previous  to  its  division  it  furnishes  an  articular  twig  to  the  shoulder- 
joint.    This  twig- pierces  the  inferior  part  of  the  articular  capsule. 

.  The  superior  division  accompanies  the  posterior  circumflex  artery  around  the 
neck  of  the  humerus,  and  gives  off  a  number  of  stout  twigs  which  enter  the  deltoid 
muscle  (fig.  679) .  A  few  fine  filaments  pierce  the  deltoid  and  end  in  the  integument 
which  covers  the  middle  third  of  that  muscle. 

The  inferior  division  divides  into  cutaneous  and  muscular  branches.  The 
cutaneous  branch  (the  lateral  brachial  cutaneous  nerve)  turns  around  the  posterior 

'  border  of  the  deltoid,  pierces  the  deep  fascia,  and  supplies  the  skin  covering  the  lower 
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third  of  the  deltoid  and  a  small  area  of  integument  below  the  insertion  of  the  muscle 
(fig.  680) .  One  muscular  branch  is  distributed  to  the  teres  minor ;  it  swells  out  into 
an  ovoid  or  fusiform,  reddish,  gangliform  enlargement  before  entering  the  muscle. 
Other  branches  supply  the  lower  and  posterior  part  of  the  deltoid. 

The  Radial  (Musculo-spiral)  Nerve  is  the  largest  branch  of  the  brachial  plexus. 
It  contains  fibres  from  the  sixth,  seventh,  and  eighth  cervical  and  sometimes  from  the 
fifth  cervical  and  first  thoracic  nerves  (figs.  675  and  678).  It  commences  at  the  lower 
border  of  the  pectoralis  minor,  as  the  direct  continuation  of  the  posterior  cord  of  the 
plexus,  and  passes  downwards  and  outwards  in  the  axillary  fossa  behind  the  third 
part  of  the  axillary  artery  (fig.  679)  and  in  front  of  the  subscapularis,  latissimus  dorsi, 
and  teres  major  muscles.  From  the  lower  border  of  the  axillary  fossa  it  descends  into 
the  arm,  where  it  lies,  at  first,  on  the  inner  side  of  the  upper  third  of  the  humerus,  be- 
hind the  brachial  artery  and  in  front  of  the  long  head  of  the  triceps ;  then  it  runs  ob- 
liquely downwards  and  outwards  behind  the  middle  third  of  the  humerus,  in  the 
groove  for  the  radial  nerve  (musculo-spiral  groove) ,  and  between  the  outer  and  inner 
heads  of  the  triceps.  It  is  accompanied,  in  this  part  of  its  course,  by  the  profunda 
artery.  At  the  junction  of  the  middle  and  lower  thirds  of  the  humerus  it  reaches  the 
outer  side  of  the  arm,  pierces  the  external  intermuscular  septum,  and  runs  downwards 
and  forwards  between  the  brachio-radialis  and  extensor  carpi  radialislongus  externally, 
and  the  brachialis  internally  (fig.  682),  and  it  terminates,  a  short  distance  above 
the  capitulum,  by  dividing  into  deep  and  superficial  terminal  branches.  In  the  last 
part  of  its  course  it  is  accompanied  by  the  anterior  terminal  branch  of  the  profunda 
artery. 

Branches. — The  branches  of  the  radial  or  musculo-spiral  nerve  are  cutaneous, 
muscular,  articular,  and  terminal,  but  for  practical  purposes  it  is  best  to  consider  them 
in  association  with  the  situations  of  their  origins.  While  it  is  in  the  axillary  fossa 
the  radial  (musculo-spiral)  nerve  gives  branches  to  the  inner  and  long  heads  of  the 
triceps  (fig.  682) ,  and  an  internal  cutaneous  branch.  The  branch  to  the  long  head  of 
the  triceps  at  once  enters  the  substance  of  the  muscle,  that  to  the  inner  head  breaks 
into  branches  which  terminate  in  the  muscle  at  different  levels,  and  one  of  them,  the 
ulnar  collateral  nerve,  accompanies  the  ulnar  nerve  to  the  lower  part  of  the  arm. 
The  posterior  brachial  (internal)  cutaneous  branch  crosses  the  tendon  of  the 
latissimus  dorsi,  passes  behind  the  intercosto-brachial  (intercosto-humeral)  nerve, 
pierces  the  deep  fascia,  and  is  distributed  to  the  skin  of  the  middle  of  the  back  of 
the  arm  below  the  deltoid. 

While  it  lies  behind  the  middle  third  of  the  humerus,  the  radial  (musculo-spiral) 
nerve  gives  branches  to  the  outer  and  inner  heads  of  the  triceps  and  to  the  anconeus. 
The  latter  branch  descends  in  the  substance  of  the  inner  head  of  the  triceps,  close  to 
the  bone,  and  it  is  accompanied  by  a  small  branch  of  the  profunda  artery.  The 
dorsal  antibrachial  (external)  cutaneous  branch,  passing  down  between  the  outer 
and  inner  heads  of  the  triceps,  divides  near  the  elbow  into  its  upper  and  lower  branches 
(fig.  680),  each  of  which  perforates  either  the  outer  head  of  the  triceps  muscle  near  its 
attachment  to  the  humerus  or  the  external  intermuscular  septum.  The  upper 
branch,  much  the  smaller,  pierces  the  deep  fascia  in  the  line  of  the  external  inter- 
muscular septum;  it  accompanies  the  lower  part  of  the  cephalic  vein,  and  supplies 
the  skin  over  the  lower  half  of  the  outer  and  anterior  aspect  of  the  arm.  The  lower 
branch  is  of  considerable  size.  It  pierces  the  deep  fascia  a  little  below  the  upper 
branch,  runs  behind  the  external  condyle,  and  supplies  the  skin  of  the  middle  of  the 
back  of  the  forearm  as  far  as  the  wrist,  anastomosing  with  the  medial  antibrachial 
(internal)  cutaneous  and  musculo-cutaneous  nerves  (fig.  683). 

After  the  radial  (musculo-spiral)  nerve  has  pierced  the  external  intermuscular 
septum  it  gives  branches  to  the  brachio-radialis,  extensor  carpi  radialis  longus, 
and  to  the  outer  portion  of  the  brachialis  (fig.  683) .  From  one  of  these  branches  an 
articular  filament  is  distributed  to  the  elbow-joint. 

The  terminal  branches  are: — a  motor  branch,  the  deep  radial  (posterior  inter- 
osseous) ,  and  a  sensory  branch,  the  superficial  radial  (radial). 

The  deep  radial  (posterior  interosseous)  nerve  runs  downwards  in  the  interval 
between  the  brachialis  and  extensor  carpi  radialis  longus.  It  passes  in  front  of  the 
outer  part  of  the  elbow-joint,  and  after  giving  off  branches  to  supply  the  extensor  carpi 
radialis  brevis  and  supinator,  it  is  crossed  in  front  by  the  radial  recurrent  artery 
(fig.  683).  It  then  runs  downwards  and  backwards  through  the  substance  of  the 
supinator,  and  enters  the  interval  between  the  superficial  and  deep  layers  of 
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muscles  at  the  back  of  the  forearm,  where  it  comes  into  relation  with  the  posterior 
interosseous  artery,  and  accompanies  it  across  the  abductor  pollicis  longus.  At  the 
lower  border  of  the  latter  muscle  it  gives  off  a  branch  to  the  extensor  pollicis  longus, 
and  another  which  crosses  this  muscle  to  the  extensor  indicis  proprius.  Continuing 
distal  wards  as  the  dorsal  antibrachial  interosseous  nerve  it  leaves  the  posterior  inter- 
osseous artery,  dips  beneath  the  extensor  pollicis  longus,  and  comes  into  relation  with 
the  anterior  interosseous  artery.  It  accompanies  this  artery  upon  the  interosseous 
membrane  and  the  back  of  the  radius,  passes  through  the  groove  for  the  extensor  digi- 
torum  communis  and  extensor  indicis  proprius  to  the  back  of  the  wrist,  and  terminates 


Fig.  681. — A  Dissection  of  the  Cutaneous  Nerves  on  the  Dorsal  Aspect  of  the 
Hand  and  Fingers.     (H.  St.  J.  B.) 
The  branches  of  the  median  nerve  are  shown  in  black 


in  a  gangliform  enlargement  which  gives  branches  to  the  carpal  articulations.  The 
muscles  supplied  by  the  deep  radial  (posterior  interosseous)  nerve  are  the  extensor 
carpi  radialis  bfevis,  brachio-radialis  (supinator  longus),  extensor  digitorum  com- 
munis, extensor  digiti  quinti  proprius,  extensor  carpi  ulnaris,  extensor  indicis  pro- 
prius, and  the  extensor  muscles  of  the  thumb.  The  supinator  (brevis)  receives  two 
twigs,  one  of  which  is  given  off  before  the  nerve  pierces  the  muscle  and  the  other 
while  it  is  passing  through  it. 

The  superficial  radial  (radial)  nerve  is  somewhat  smaller  than  the  deep  radial 
(posterior  interosseous) ,  and  is  a  purely  cutaneous  nerve.  It  runs  downwards  under 
cover  of  the  brachio-radialis,  passing  in  front  of  the  elbow-joint,  the  radial  recurrent 
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artery,  and  the  supinator  (brevis).  At  the  lower  border  of  the  supinator  it  ap- 
proaches the  radial  artery  at  an  acute  angle,  and  runs  parallel  to  the  outer  side  of  that 
vessel  in  the  middle  third  of  the  forearm,  across  the  pronator  teres.  At  the  lower 
border  of  the  pronator  teres  it  bends  backwards  on  the  deep  surface  of  the  tendon  of 
the  brachio-radialis,  and  appears  on  the  back  of  the  forearm.  It  pierces  the  deep 
fascia  and  is  directed  across  the  dorsal  carpal  (posterior  annular)  ligament  towards 
the  back  of  the  wrist,  where  it  divides  into  its  terminal  branches  (fig.  683).  The 
most  lateral  of  these  supplies  the  skin  on  the  radial  part  of  the  thenar  eminence; 
the  most  medial,  designated  the  ulnar  anastomotic  branch,  communicates  with 
the  dorsal  branch  of  the  ulnar  nerve.  The  other  terminal  branches,  the  dorsal 
digital  nerves,  supply  to  a  variable  extent  the  skin  on  the  dorsum  of  the  first  digit, 
both  sides  of  the  second  and  third  digits,  and  part  of  the  radial  side  of  the  fourth 
digit.  These  branches  usually  extend  to  the  base  of  the  nail  of  the  first  digit,  to  the 
distal  interphalangeal  joint  of  the  second,  not  quite  to  the  proximal  interphalangeal 
joint  of  the  third,  and  sometimes  to  the  metacarpo-phalangeal  joint  of  the  fourth 
digit. 

The  terminal  branches  of  the  outer  cord  of  the  brachial  plexus  are  the  musculo- 
cutaneous and  the  outer  component  of  the  median.  The  latter  nerve  will  be  described 
with  the  inner  cord. 

The  musculo-cutaneous  nerve  is  composed  of  fibres  derived  chiefly  from  the 
anterior  divisions  of  the  fifth  and  sixth  cervical  nerves,  together  usually  with  some 
fibres  from  that  of  the  seventh  (figs.  675  and  678).  The  nerve  to  the  coraco-brachia- 
lis  usually  consists  of  two  or  three  twigs  given  off  from  the  nerve  close  to  its  origin 
before  it  enters  the  muscle  (fig.  679).  Sometimes,  however,  the  fibres  from  the 
seventh  nerve  pass  directly  to  this  muscle  without  joining  the  main  trunk.  The 
musuclo-cutaneous  nerve  is  placed  at  first  close  to  the  outer  side  of  the  axillary 
artery  (fig.  679),  but  soon  it  leaves  that  vessel  and,  piercing  the  coraco-brachialis 
muscle,  it  passes  obliquely  downwards  and  outwards  between  the  biceps  and  brach- 
ialis  muscles.  Soon  after  piercing  the  coraco-brachialis  it  gives  off  muscular  branches 
to  each  head  of  the  biceps  and  to  the  brachialis  (fig.  682).  It  also  gives  twigs  to 
the  humerus,  to  the  nutrient  artery,  and  gives  the  chief  supply  to  the  elbow-joint. 
Below  the  branch  to  the  brachialis  is  the  cutaneous  portion  of  the  nerve  termed 
the  lateral  antibrachial  cutaneous  nerve  (fig.  682).  This  nerve  continues  down- 
wards between  the  biceps  and  brachialis,  pierces  the  deep  fascia  at  the  outer  border 
of  the  former  muscle  a  little  above  the  bend  of  the  elbow,  receives  a  communication 
from  the  upper  branch  of  the  dorsal  antibrachial  (upper  external)  cutaneous  branch 
of  the  radial  (musculo-spiral)  nerve,  passes  behind  the  median  cephalic  vein,  and 
divides  into  an  anterior  and  a  posterior  branch.  The  anterior  branch  runs  down- 
wards on  the  outer  and  anterior  part  of  the  forearm,  supplying  the  integument  of 
that  region,  and  it  terminates  in  the  skin  covering  the  middle  part  of  the  thenar 
eminence  (fig.  683).  A  short  distance  above  the  wrist,  after  it  has  received  a  com- 
municating twig  from  the  superficial  radial  nerve,  it  gives  off  an  articular  branch  to 
the  carpal  joints.  This  branch  pierces  the  deep  fascia  and  accompanies  the  radial 
artery  to  the  back  of  the  wrist.  The  posterior  terminal  branch  is  small,  and  is 
directed  downwards  and  backwards  in  front  of  the  external  condyle  of  the  humerus, 
to  be  distributed  to  the  skin  on  the  outer  and  posterior  aspect  of  the  forearm  as  low 
as  the  wrist  (fig.  680).  It  anastomoses  with  the  superficial  radial  and  with  the 
lower  branch  of  the  dorsal  antibrachial  (lower  external)  cutaneous  branch  of  the 
radial  (musculo-spiral)  nerve. 

The  terminal  branches  of  the  inner  cord  of  the  brachial  plexus  are  the  ulnar 
and  the  inner  component  of  the  median  nerve.  Neither  of  these  supplies  any 
branches  in  the  upper  arm,  and  thus  they  differ  from  the  other  terminal  branches  of 
the  plexus.  They  both  supply  the  muscles  and  joints  of  the  forearm,  and  the  mus- 
cles, joints,  and  integument  of  the  hand. 

The  Ulnar  Nerve,  which  is  the  largest  branch  of  the  inner  cord  of  the  brachial 
plexus,  contains  fibres  from  the  anterior  divisions  of  the  eighth  cervical  and  first 
thoracic  nerves  (figs.  676  and  685).  It  commences  at  the  lower  border  of  the  pector- 
alis  minor  and  runs  downwards  in  the  axillary  fossa  in  the  posterior  angle  between 
the  axillary  artery  and  vein.  In  the  upper  half  of  the  arm  it  lies  on  the  inner  side  of 
the  brachial  artery  (fig.  679) ,  but  at  the  level  of  the  insertion  of  the  coraco-brachialis  it 
passes  backwards  at  an  acute  angle,  and,  accompanied  by  the  superior  ulnar  collateral 
("inferior  profunda)  artery,  it  pierces  the  internal  intermuscular  septum.  After 
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passing  through  the  septum  it  runs  downwards,  in  a  groove  in  the  inner  head  of  the 
triceps  (fig.  682),  to  the  interval  between  the  olecranon  process  and  the  internal 
condyle  of  the  humerus,  and  in  this  part  of  its  course  it  is  closely  bound  to  the 

Fig.  682.  Nerves  of  the  Right  Upper  Arm  viewed  from  in  Front.    (Spalteholz  ) 
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muscle  by  the  deep  fascia.  Immediately  below  the  internal  condyle  it  passes  between 
the  two  heads  of  the  flexor  carpi  ulnaris,  along  the  inner  side  of  the  internal  lateral 
ligament  of  the  elbow,  and  it  comes  into  relation  with  the  posterior  ulnar  recurrent 
artery. 
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In  the  upper  part  of  the  forearm  it  lies  on  the  flexor  digitorum  profundus,  covered 
by  the  flexor  carpi  ulnaris.  Near  the  junction  of  the  upper  and  middle  thirds  of  the 
forearm  it  is  joined  by  the  ulnar  artery,  which  accompanies  it  to  its  termination, 
lying  throughout  on  its  radial  side  (fig.  683).  In  the  lower  part  of  the  forearm  it 
still  rests  on  the  flexor  digitorum  profundus,  but  between  the  flexor  carpi  ulnaris  and 
flexor  digitorum  sublimis,  and  is  covered  only  by  skin  and  fascia.  At  a  variable 
point  in  this  part  of  the  forearm,  usually  about  5  to  8  cm.  (2  to  3  in.)  from  the  carpus, 
the  nerve  divides  into  its  two  terminal  branches,  a  dorsal  branch  to  the  dorsal  aspect 
of  the  hand,  and  a  volar  branch  to  the  volar  aspect. 

Branches. — The  ulnar  resembles  the  median  nerve  in  not  furnishing  any  branches 
to  the  upper  arm.  As  it  passes  between  the  olecranon  process  and  the  internal 
condyle  it  gives  off  two  or  three  fine  filaments  to  the  elbow-joint.  In  the  upper 
part  of  the  forearm  it  supplies  the  flexor  carpi  ulnaris  and  the  inner  portion  of  the 
flexor  digitorum  profundus,  and  in  the  lower  half  it  gives  off  the  three  cutaneous 
branches.  In  the  palm  of  the  hand  it  supplies  the  integument  of  the  hypothenar 
eminence,  the  fifth  digit,  and  half  of  the  fourth  digit,  and  part  of  the  skin  of  the 
dorsum.  It  also  supplies  the  short  intrinsic  muscles  of  the  hand  with  the  exception 
of  the  abductor  pollicis,  the  opponens,  the  outer  head  of  the  flexor  pollicis  brevis, 
and  the  two  outer  lumbricales. 

The  nerves  to  the  flexor  carpi  ulnaris  and  to  the  inner  two  divisions  of  the 
flexor  digitorum  profundus  arise  from  the  ulnar  nerve  in  the  upper  third  of  the 
forearm. 

Cutaneous  Branches. — About  the  middle  of  the  forearm  the  ulnar  nerve  gives 
off  two  cutaneous  branches: — one  pierces  the  fascia  and  anastomoses  with  the  volar 
branch  of  the  medial  antebrachial  (internal)  cutaneous  nerve,  and  the  other,  the 
palmar  cutaneous  branch,  runs  downwards  in  front  of  the  ulnar  artery  (fig.  683), 
and  is  conducted  by  the  vessel  into  the  palm  (fig.  680).  It  furnishes  some  filaments 
to  the  vessel,  supplies  a  few  twigs  to  the  skin  of  the  hypothenar  eminence,  and  ends 
in  the  integument  covering  the  central  depressed  surface  of  the  palm. 

The  dorsal  or  posterior  cutaneous  branch,  usually  the  smaller  of  the  terminal 
branches,  arises  about  5  cm.  (2  in.)  above  the  wrist-joint,  and  passes  backwards 
under  cover  of  the  flexor  carpi  ulnaris  to  reach  the  dorsal  aspect  of  the  wrist  (fig.  684) , 
where  it  gives  off  delicate  branches  to  anastomose  with  branches  of  the  medial 
antebrachial  (internal)  cutaneous,  the  dorsal  antebrachial  (external)  cutaneous 
branch  of  the  radial  (musculo-spiral) ,  the  lateral  antebrachial  cutaneous  of  the  mus- 
culo-cutaneous  nerve,  and  with  branches  of  the  superficial  radial,  and  then  divides 
into  five  branches,  the  dorsal  digitals  (fig.  681),  which  are  distributed  to  the  ulnar 
sides  of  the  third,  fourth,  and  fifth  digits  and  the  radial  sides  of  the  fourth  and  fifth 
digits.  These  branches  usually  extend  on  the  fifth  digit  only  as  far  as  the  base  of 
the  terminal  phalanx,  and  on  the  fourth  digit  as  far  as  the  base  of  the  second  phalanx. 
The  more  distal  parts  of  these  digits  are  supplied  by  palmar  digital  branches  of  the 
ulnar  nerve. 

The  volar  branch,  the  other  terminal  branch  of  the  ulnar  nerve,  continues  its 
course  between  the  flexor  carpi  ulnaris  and  flexor  digitorum  sublimis,  on  the  inner 
side  of  the  ulnar  artery,  to  the  wrist,  where,  on  the  outer  side  of  the  pisiform  bone, 
it  divides  into  a  superficial  and  a  deep  branch  (figs.  683  and  684).  The  latter 
accompanies  the  deep  branch  of  t  he  ulnar  artery  into  the  interval  between  the  abductor 
digiti  quinti  and  flexor  digiti  quinti  brevis,  and  then  passes  through  the  fibres  of  the 
opponens  digiti  quinti  to  reach  the  deep  surface  of  the  flexor  tendons  and  their 
synovial  sheaths.  It  supplies  the  abductor  and  opponens  digiti  quinti,  the  flexor 
digiti  quinti  brevis,  the  third  and  fourth  lumbricales,  all  the  interossei,  the  adductors 
of  the  thumb,  and  the  inner  head,  and  occasionally  the  outer  head,  of  the  flexor 
pollicis  brevis.  The  superficial  branch  gives  off  a  branch  to  supply  the  palmaris 
brevis  muscle,  an  anastomosing  branch  to  the  median  nerve,  and  then  divides  into 
two  branches,. the  proper  volar  digital  branch,  which  is  distributed  to  the  inner 
side  of  the  fifth  digit  on  its  volar  aspect,  and  the  common  volar  digital  branch, 
which  passes  underneath  the  palmar  aponeurosis  and  divides  into  two  branches, 
which  supply  the  contiguous  margins  of  the  fourth  and  fifth  digits.  These  branches 
usually  supply  also  the  dorsal  surface  of  the  second  and  third  phalanges  of  the  same 
digits. 

The  Median  Nerve  contains  fibres  of  the  sixth,  seventh,  and  eighth  cervical 
nerves  and  of  the  first  thoracic,  and  sometimes  of  the  fifth  cervical  nerve.  The 
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trunk  is  formed  a  little  below  the  lower  margin  of  the  pectoralis  minor,  by  the  union 
of  two  components,  one  from  the  inner  and  one  from  the  outer  cord  of  the  plexus 
(fig.  679).    The  inner  component  passes  obliquely  across  the  third  part  of  the  axil- 

Fig.  683. — Deep  Nerves  of  the  Volar  Surface  of  the  Forearm.    (After  Toldt,  "Atlas 
of  Human  Anatomy,"  Rebman,  London  and  New  York.) 
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lary  artery,  and  in  the  upper  part  of  the  trunk  the  fibres  of  the  two  components 
are  felted  together.  From  its  commencement  the  median  nerve  runs  almost  verti- 
cally through  the  lower  part  of  the  axillary  fossa  and  through  the  arm.    In  the 


928 


THE  NERVOUS  SYSTEM 


fossa  it  lies  external  to  the  axillary  artery  and  it  is  overlapped,  on  its  outer  side,  by 
thecoraco-brachialis  muscle.  In  the  upper  half  of  the  arm  it  lies  along  the  outer  side  of 
the  brachial  artery,  and  it  is  overlapped  by  the  inner  border  of  the  biceps.  At  the 
middle  of  the  arm  it  passes  in  front  of  the  brachial  artery,  and  then  it  descends,  on  the 
inner  side  of  the  artery,  to  the  elbow.  In  the  upper  part  of  the  antecubital  fossa 
it  is  still  at  the  inner  side  of  the  brachial  artery,  but  separated  from  it  by  a  small 
interval,  and  in  the  lower  part  of  the  fossa  it  lies  along  the  inner  side  of  the  ulnar 
artery.  As  it  leaves  the  antecubital  fossa  it  passes  between  the  two  heads  of  the 
pronator  teres,  and  it  crosses  in  front  of  the  ulnar  artery  (fig.  683),  from  which  it  is 
separated  by  the  deep  head  of  the  pronator.  In  the  forearm  it  passes  vertically 
downwards,  accompanied  by  the  median  (comes  nervi  mediani)  artery.  In  the  upper 
two-thirds  of  the  region  it  lies  deeply,  between  the  flexor  digitorum  sublimis  and 
the  flexor  digitorum  profundus,  but  in  the  lower  third  it  becomes  more  superficial, 
and  is  placed  beneath  the  deep  fascia,  between  the  flexor  carpi  radialis  on  the  radial 
side  and  the  palmaris  longus  and  flexor  digitorum  sublimis  tendons  on  the  ulnar 
side.  It  crosses  beneath  the  transverse  carpal  (anterior  annular)  ligament,  in  front 
of  the  flexor  tendons,  and  in  the  palm  at  the  lower  border  of  the  ligament  it  enlarges 
and  divides  into  three  branches,  the  common  volar  digital  nerves. 

Branches. — The  median  nerve  does  not  supply  any  part  of  the  upper  arm.  In 
front  of  the  elbow-joint  it  furnishes  one  or  two  filaments  to  that  articulation.  In 
the  forearm  it  supplies  all  the  superficial  anterior  muscles  (with  the  exception  of 
the  flexor  carpi  ulnaris)  directly  from  its  trunk,  and  it  supplies  the  deep  muscles 
(with  the  exception  of  the  inner  half  of  the  flexor  digitorum  profundus)  by  the  volar 
(anterior)  interosseous  branch.  In  the  hand  it  supplies  the  group  of  short  muscles 
of  the  thumb  which  are  placed  on  the  radial  side  of  the  tendon  of  the  flexor  pollicis 
longus,  the  two  outer  lumbricales,  the  integument  covering  the  central  part  of  the 
palm  and  inner  part  of  the  thenar  eminence,  and  the  palmar  aspect  of  the  first, 
second,  third,  and  radial  half  of  the  fourth  digits.  It  also  sends  twigs  to  the  dorsal 
aspect  of  these  digits. 

The  nerve  to  the  pronator  teres  usually  arises  a  little  above  the  bend  of  the 
elbow,  and  pierces  the  outer  border  of  the  muscle  (figs.  683  and  684).  It  may  arise 
in  a  common  trunk  with  the  following  nerves : — 

The  nerves  to  the  flexor  carpi  radialis,  palmaris  longus,  and  flexor  digitorum 
sublimis  arise  a  little  lower  down,  and  pierce  the  pronator-flexor  mass  of  muscles  to 
end  in  the  respective  members  of  the  group  for  which  they  are  destined  (fig.  682). 

The  volar  (anterior)  interosseous  nerve  arises  from  the  median  at  the  level  of  the 
bicipital  tubercle  of  the  radius  (fig.  683) ,  and  runs  downwards,  on  the  interosseous 
membrane,  accompanied  by  the  volar  (anterior)  interosseous  artery.  It  passes  under 
cover  of  the  pronator  quadratus,  and  pierces  the  deep  surface  of  that  muscle,  which  it 
supplies.  The  volar  interosseous  nerve  also  furnishes  a  twig  to  the  front  of  the  wrist- 
joint,  and  supplies  the  flexor  digitorum  profundus  and  the  flexor  pollicis  longus.  The 
nerve  to  the  former  muscle  arises  from  the  volar  interosseous  near  its  commencement  ; 
it  supplies  the  outer  two  divisions  of  the  muscle,  and  it  communicates  within  the 
substance  of  the  muscle  with  twigs  derived  from  the  ulnar  nerve. 

It  also  supplies  a  branch  to  the  interosseous  membrane  which  runs  downwards 
upon,  or  in,  the  membrane,  supplying  it  and  giving  branches  to  the  volar  (anterior) 
interosseous  and  nutrient  arteries  and  to  the  periosteum  of  the  radius,  the  ulna,  and 
the  carpus. 

The  palmar  cutaneous  branch  arises  immediately  above  the  transverse  carpal 
(anterior  annular)  ligament  and  passes  between  the  tendons  of  the  flexor  carpi 
radialis  and  the  palmaris  longus  (fig.  683) .  It  then  crosses  the  superficial  surface  of 
the  transverse  carpal  ligament,  and  is  distributed  to  the  integument  and  fascia  on  the 
central  depressed  surface  of  the  palm.  It  also  supplies  a  few  twigs  to  the  inner  border 
of  the  thenar  eminence;  these  twigs  communicate  with  the  musculo-cutaneous  and 
superficial  radial  nerves. 

The  three  common  volar  digital  nerves  pass  in  the  palm  of  the  hand  dorsal 
to  the  superficial  palmar  arch  and  its  digital  branches,  while  the  proper  volar 
digitals,  branches  of  these  nerves,  lie  ventral  to  the  digital  arteries. 

The  first  of  the  common  volar  digital  nerves  gives  off  a  branch  to  supply  the 
abductor  pollicis,  the  opponens,  and  the  superficial  head  of  the  flexor  pollicis  brevis, 
and  anastomoses  by  a  delicate  branch  with  the  deep  branch  of  the  ulnar  nerve.  It 
then  divides  into  three  proper  volar  digitals  (fig.  684).    The  outer  of  these  passes 
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obliquely  across  the  long  flexor  tendon  of  the  thumb  and  runs  along  the  radial  border 
of  the  thumb  to  its  extremity.  It  gives  numerous  branches  to  the  pulp  of  the  thumb, 
and  a  strong  twig  which  passes  to  the  dorsum  to  supply  the  matrix  of  the  nail. 
The  second  of  these  proper  volar  digitals  supplies  the  ulnar  side  of  the  volar  aspect 
of  the  thumb  and  gives  off  a  twig  to  the  matrix  of  the  thumb  nail.  The  third  supplies 
the  radial  side  of  the  second  digit  and  gives  a  twig  to  the  first  lumbrical  muscle. 

The  second  common  volar  digital  sends  a  twig  to  the  second  lumbrical  muscle, 
and  divides  a  little  above  the  metacarpo-phalangeal  articulation  into  two  proper 


Fig.  684. — Nerves  of  the  Palmar  Surface  of  the  Hand.  (Testut.) 
The  transverse  carpal  (anterior  annular)  ligament,  superficial  palmar  arch,  the  flexor  tendons 
of  the  digits,  and  the  proximal  portions  of  the  lumbrical  muscles  have  been  removed. 

8,  9,  Digitals  of  second  and  third  common  volar;  11,  branch  to  lumbrical  II;  16,  anastomotic 
branch  between  ulnar  and  median  nerves;  20,  branch  to  lumbrical  III;  22,  branch  to 
interossei. 


MEDIAN  NER  VE     VOLAR  INTEROSSEO  US  NER  VE 


SUPERFICIAL  RADIAL 
PALMAR  BRANCH  OF  MEDIAN 


BRANCHES  OF  SUPERFICIAL 
RADIAL 


BRANCHES  OF  FIRST 
COMMON  VOLAR  DIGITA 


ULNAR  NERVE 


DEEP  BRANCH  OF  ULNAR 

DORSAL  BRANCH  OF  ULNAR 


SUPERFICIAL  BRANCH 
MUSCULAR  BRANCH 


PALMAR  CUTANEOUS  BRANCH 


BRANCH  TO  ADD  UC-    /  / 

TOR  POLLICIS 
PROPER  VOLAR 
DIGITAL 


BRANCH  TO  LUMBRICAL  IV 
.COMMON  VOLAR  DIGITAL 

PROPER  VOLAR  DIGITAL 


PROPER  VOLAR  DIGITAL 


volar  digitals,  which  respectively  supply  the  adjacent  sides  of  the  second  and  third 
digits. 

The  third  common  volar  digital  communicates  with  the  ulnar  nerve,  often  gives 
a  branch  to  the  third  lumbrical  muscle,  and  divides  into  two  proper  volar  digitals 
which  supply  the  adjacent  sides  of  the  third  and  fourth  digits. 

As  the  proper  volar  digitals  pass  along  the  margins  of  the  fingers  they  give  off 
twigs  for  the  innervation  of  the  skin  on  the  dorsum  of  the  second  and  third  phalanges 
and  the  matrix  of  their  nails.    Each  of  the  nerves  terminates  in  filaments  to  the 
pulp  of  the  finger. 
59 
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Table  Showing  Relation  of  Cervical  and  Thoracic  Nerves  to  Branches 

of  Brachial  Plexus 
Nerves  Contributing.  Nerves,  Branches  of  Plexus. 

5  0  f  Dorsal  scapular  (nerve  to  rhomboids) 

I  Nerve  to  subclavius 
r  Suprascapular 
|  Nerve  to  subclavius 

5  and  6  C   j  Upper  subscapular 

Lower  subscapular 
Axillary  (circumflex) 

5  6  and  7  C.  I  Long  (Posterior)  thoracic 

'   '  1  External  anterior  thoracic 

5,  6,  and  (7)  C   Musculocutaneous 

(5),  6,  7,  8  C   Radial  (musculo-spiral) 

(5),  6,  7,  8  C.,  and  1  T.  Median 

7  and  8  C   Thoraco-dorsal  (middle  subscapular) 

r  Internal  anterior  thoracic 

8  C.  and  1  T   j  Ulnar 

Medial  antebrachial  (internal)  cutaneous 
IT   Medial  brachial  (lesser  internal)  cutaneous 

Table  Showing  the  Relations  of  the  Muscles  of  the  Upper  Extremity  to 

the  Cervical  Nerves 


Nerves  Contributing.  Muscles. 
11th  cranial,  2  C.  .  .  Sterno-mastoid 
3, 4C.  Trapezius 

3  and  4  C   Levator  scapulae 

Subclavius 
Supraspinatus 
Infraspinatus 
Subscapularis 

5  and  6  C   j  Teres  major 

I  Teres  minor 

Deltoid 
Brachialis 
Biceps 

Brachioradialis 
Supinator 

6  C  i  Pronator  teres 

Flexor  carpi  radialis 


Nerves  to  Muscles. 
Spinal  accessory 

"     ,  3  and  4  C. 

3  and  4  C. 

Nerve  to  subclavius 

|  Suprascapular 

Upper  and  lower  subscapular 
Lower  subscapular 

|  Axillary  (circumflex) 

|  Musculocutaneous 

Radial  (musculo-spiral) 

Deep  radial  (posterior  interosseous) 

Median 


6  and  7  C. 


Palmaris  longus 
Ext.  carpi  radialis  longus  Radial  (musculo-spiral) 

"      "         brevis  Deep  radial  (posterior  interosseous) 
Abductor  pollicis  brevis  Median 
Opponens 


7  C. 


Flexor  pollicis  brevis 
(superf.  head) 

5,  6,  and  7  C   Serratus  anterior 

Coraco-brachialis 
Ext.  digitorum  comm. 
"    digiti  quinti  pro- 

prius 
"    carpi  ulnaris 
Abductor  pollicis  lon- 
gus 

Extensor  pollicis  brevis 
Extensor  pollicis  longus 
Ext.  indicis  proprius 
(  Latissimus  dorsi 

7  and  8  C    j  Triceps 

Anconeus 


Long  (posterior)  thoracic 

Musculocutaneous 

Deep  radial  (posterior  interosseous) 


Thoraco-dorsal  (long  subscapular) 
Radial  (musculo-spiral) 


THE  THORACIC  NERVES 


931 


Table  Showing  the  Relations  of  the  Muscles  of  the  Upper  Extremity  to 
the  Cervical  Nerves — (Continued) 


Nerves  Contributing.  Muscles. 

5,  6,  7,  and  8  C   Pectoralis  major 

Dorsal  inteross. 
Palmar  " 
g  q  Add.  pollicis 

"    pollicis  trans. 
Flex,  pollicis  brev. 

(deep) 
Pectoralis  minor 
Flex,  digit,  subl. 
Lumbricals 
Flex,  carpi  ulnaris 
"    digit,  prof. 
"    pollicis  long. 
Pronator  quadratus 


7,  8  C,  and  1  T. 


8  C.  and  IT. 


Nerves  to  Muscles. 
Ext.  and  int.  ant.  thoracic 
Ulnar 


Int.  ant.  thoracic 
Median 

"      and  ulnar 
Ulnar 

and  median 

Median 


THE  THORACIC  NERVES 

The  anterior  primary  divisions  of  the  thoracic  nerves,  with  the  exception 
of  the  first,  retain,  in  the  simplest  form,  the  characters  of  anterior  primary  divisions 
of  the  typical  spinal  nerve.  They  do  not  form  plexuses,  but  remain  distinct  from 
each  other.  Each  divides  into  an  easily  recognisable  lateral  or  dorsal  and  anterior 
or  ventral  branch  (figs.  685  and  686),  and  they  are  not  distributed  to  the  limbs.  The 
first,  second,  and  last  thoracic  nerves,  on  account  of  their  peculiarities,  require  separate 
description.  The  remainder  are  separable  into  two  groups,  an  upper  and  a  lower 
The  upper  group  consists  of  four  nerves,  the  third  to  the  sixth  inclusive,  which  are 
distributed  entirely  to  the  thoracic  wall.  The  lower  group  contains  five  nerves,  the 
seventh  to  the  eleventh  inclusive,  which  are  distributed  partly  to  the  thoracic  and 
partly  to  the  abdominal  wall.  The  upper  group  is  therefore  purely  thoracic  in  dis- 
tribution, and  the  lower  thoraco-abdominal. 

The  first  thoracic  nerve  is  connected  with  the  first  thoracic  sympathetic  ganglion, 
and  it  frequently  receives  a  communication  from  the  second  nerve.  It  is  distrib- 
uted chiefly  to  the  upper  limb.  Opposite  the  superior  costo-transverse  ligament 
of  the  second  rib  it  divides  into  a  larger  and  a  smaller  branch;  the  larger  passes 
upwards  and  outwards,  between  the  apex  of  the  pleura  and  the  neck  of  the  first 
rib,  and  on  the  outer  side  of  the  superior  intercostal  artery,  to  the  root  of  the  neck, 
where  it  joins  the  brachial  plexus.  The  smaller  branch  continues  along  the  inter- 
costal space,  below  the  first  rib  and  between  the  intercostal  muscles  in  which,  as  a 
rule,  all  its  fibres  terminate.  However,  in  some  instances  it  gives  off  a  lateral  cutan- 
eous branch  which  connects  with  the  medial  brachial  (lesser  internal)  cutaneous  nerve 
and  with  the  intercosto-brachial  nerve  in  the  axillary  fossa;  and  occasionally  it 
terminates  in  an  anterior  cutaneous  branch  at  the  anterior  extremity  of  the  first  inter- 
costal space. 

The  second  thoracic  nerve,  as  it  lies  between  the  pleura  and  the  superior  costo- 
transverse ligament  of  the  third  rib,  gives  a  branch  to  the  first  nerve,  then  it  pierces 
the  posterior  intercostal  membrane  and  passes  between  the  external  and  internal 
intercostal  muscles  in  the  second  intercostal  space.  In  the  posterior  part  of  the  space 
it  sends  branches  backwards,  through  the  external  intercostal  muscle,  to  supply  the 
second  levator  costse  and  the  serratus  posterior  superior,  and  then  it  divides  into  a 
lateral  and  an  anterior  branch.  The  two  branches  run  forward  together  to  the  mid- 
axillary  line,  where  the  lateral  branch  pierces  the  external  intercostal  muscle  and 
passes  between  two  digitations  of  the  serratus  anterior  (magnus)  into  the  axillary 
fossa;  the  anterior  branch  enters  the  substance  of  the  internal  intercostal  muscle. 


932 


THE  NERVOUS  SYSTEM 


The  lateral  branch,  the  intercosto-brachial  {inter  costo-humeral) ,  may  divide 
into  a  small  anterior  and  a  large  posterior  division,  or  the  anterior  division  may  be 
absent.  In  either  case  the  lateral  branch  anastomoses  with  the  medial  brachial  (lesser 
internal)  cutaneous  nerve,  and  usually  with  the  lateral  branch  of  the  third  intercostal 
nerve;  it  also  anastomoses  with  the  lateral  branch  of  the  first  nerve,  if  the  latter  is 
present.  After  forming  these  anastomoses  it  passes  out  of  the  axillary  fossa,  pierces 
the  deep  fascia,  and  supplies  the  integument  in  the  upper  and  posterior  half  of  the 
arm.  It  also  gives  off  a  few  filaments  which  terminate  in  the  skin  over  the  axillary 
border  of  the  scapula.  The  size  of  the  intercosto-brachial  nerve  and  the  extent  of 
its  distribution  are  usually  in  inverse  proportion  to  the  size  of  the  other  cutaneous 
nerves  of  the  upper  arm,  especially  the  middle  brachial  (lesser  internal)  cutaneous. 
When  the  latter  nerve  is  absent,  the  intercosto-brachial  usually  takes  its  place. 

The  course  and  distribution  of  the  anterior  branch,  when  it  is  present,  being 
similar  to  the  course  and  distribution  of  the  anterior  branches  of  the  next  four  nerves, 
do  not  require  a  separate  description. 

The  thoracic  intercostal  nerves. — The  third,  fourth,  fifth,  and  sixth  thoracic 
nerves,  in  the  posterior  parts  of  the  intercostal  spaces,  give  muscular  branches  to  the 


Fig.  685. — Diagram  of  the  Distribution  of  a  Typical  Thoracic  Nerve. 
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levatores  costarum,  the  second  and  sometimes  the  third  also  giving  branches  to  the 
serratus  posterior  superior.  They  pass  forwards  a  short  distance  between  the  ex- 
ternal and  internal  intercostals,  giving  twigs  to  these  muscles,  and  divide  into  two 
branches,  lateral  and  anterior. 

The  lateral  cutaneous  branches  continue  forwards  between  the  intercostal 
muscles,  and,  near  the  mid-axillary  line,  pierce  the  external  intercostals  and  serratus 
anterior  (magnus)  and  divide  into  two  branches,  posterior  and  anterior.  The  pos- 
terior branches  pass  backwards  over  the  latissimus  dorsi  to  supply  the  skin  in  the 
lower  part  of  the  scapular  region.  The  anterior  branches  increase  in  size  from  above 
downwards.  They  pass  around  the  outer  border  of  the  great  pectoral  muscle,  and 
are  distributed  to  the  integument  over  the  front  of  the  thorax  and  mamma,  sending 
filaments,  the  lateral  mammary  branches,  into  the  latter  organ.  The  lowest  two  also 
supply  twigs  to  the  upper  digitations  of  the  external  oblique  muscle. 

The  anterior  branches  run  obliquely  forwards  and  inwards,  through  the  sub- 
stance of  the  internal  intercostal  muscles,  reaching  the  deep  surface  of  these  muscles 
at  the  outer  extremity  of  the  costal  cartilages  (fig.  685).  They  continue  forwards 
between  these  muscles  and  the  pleura,  pass  in  front  of  the  internal  mammary  artery, 


THE  THORACIC  NERVES 


933 


turn  abruptly  ventral  a  short  distance  from  the  sternum,  pierce  the  internal  inter- 
costals,  the  anterior  intercostal  membrane,  and  the  pectoralis  major,  and  give  off  three 
sets  of  terminal  branches.  One  set  supplies  the  transverse  thoracic  muscle  and  the 
back  of  the  sternum.  A  second  set,  cutaneous,  runs  mesially.  The  third  set  passes 
laterally  over  the  pectoralis  major,  supplying  the  skin  in  that  region,  and,  in  the 
female,  the  mammary  gland  through  the  medial  mammary  branches.  The  anterior 
branches  in  their  course  supply  the  intercostal  and  subcostal  muscles  and  give  fila- 
ments that  supply  the  ribs,  the  periosteum,  and  the  pleura. 

The  thoraco-abdominal  nerves. — The  relations  of  the  posterior  portions  of 
the  seventh,  eighth,  ninth,  tenth,  and  eleventh  thoracic  nerves  to  the  thoracic  wall 
are  similar  to  those  of  the  thoracic  intercostal  nerves.  Each  divides  in  a  similar 
manner  into  a  lateral  and  an  anterior  branch,  but  these  branches  are  distributed 
partly  to  the  abdominal  and  partly  to  the  thoracic  wall,  and  the  smaller  muscular 
branches  have  also  different  distributions. 

The  lateral  branches,  lateral  cutaneous  nerves  of  the  abdomen,  pierce  the  external 
intercostal  muscles  and  pass  through  or  between  the  digitations  of  the  external 
oblique  into  the  subcutaneous  tissue,  where  they  divide  in  the  typical  way  into 
anterior  and  posterior  branches.  The  posterior  branches  pass  backwards  over  the 
latissimus  dorsi.  The  anterior  branches  give  filaments  to  the  digitations  of  the 
external  oblique  and  extend  forwards,  inwards,  and  downwards  to  the  outer  border 
of  the  sheath  of  the  rectus. 

The  anterior  branches  pass  forwards  between  the  external  and  internal  inter- 
costal muscles,  to  the  anterior  ends  of  the  intercostal  spaces;  there  they  insinuate 
themselves  between  the  interdigitating  slips  of  the  diaphragm  and  the  transver- 
sa abdominis  and  enter  the  abdominal  wall.  The  seventh,  eighth,  and  ninth 
nerves,  in  their  transit  from  the  thoracic  to  the  abdominal  wall,  pass  behind  the 
upturned  ends  of  the  eighth,  ninth,  and  tenth  rib-cartilages  respectively.  Having 
entered  the  abdominal  wall  the  nerves  run  forwards  between  the  transversus  abdo- 
minis and  the  internal  oblique  muscles  to  the  outer  border  of  the  rectus  abdominis, 
where  they  pierce  the  posterior  lamella  of  the  internal  oblique  aponeurosis  and  enter 
the  sheath  of  the  rectus.  In  the  sheath  they  pass  through  the  substance  of  the 
rectus.  Finally  they  turn  directly  forwards,  pierce  the  anterior  part  of  the  sheath, 
and  become  anterior  cutaneous  nerves  of  the  abdomen. 

The  muscular  branches. — Muscular  branches  are  distributed  to  the  levatores 
costarum,  the  intercostal  muscles,  the  transversus  abdominis,  the  internal  oblique, 
and  to  the  rectus  abdominis  from  all  the  thoraco-abdominal  nerves,  and  the 
ninth,  tenth,  and  eleventh  nerves  give  branches  to  the  serratus  posterior  inferior. 
Branches  are  also  distributed  from  a  variable  number  of  the  lower  nerves  to  the 
costal  portions  of  the  diaphragm. 

The  last  thoracic  nerve. — The  anterior  primary  division  of  the  last  thoracic 
nerve  is  distributed  to  the  wall  of  the  abdomen  and  to  the  skin  of  the  upper  and  front 
part  of  the  buttock.  It  appears  in  the  thoracic  wall  immediately  below  the  last  rib, 
where  it  communicates  with  the  sympathetic  cord  and  gives  off  a  communicating 
branch,  the  first  lumbar  nerve.  It  passes  from  the  thorax  into  the  abdomen 
beneath  the  lateral  lumbo-costal  arch  (external  arcuate  ligament),  accompanied  by 
the  subcostal  artery,  and  it  runs  across  the  upper  part  of  the  quadratus  lumborum 
behind  the  kidney  and  the  ascending  or  the  descending  colon  according  to  the  side 
in  which  it  lies.  At  the  outer  border  of  the  quadratus  lumborum  it  pierces  the  apo- 
neurosis of  origin  of  the  transversus  abdominis  muscle  and  divides,  between  the 
transversus  and  the  internal  oblique  muscle,  into  a  lateral  and  an  anterior  branch. 
It  gives  branches  to  the  transversus  abdominis,  the  quadratus  lumborum,  and  the 
internal  oblique  muscles. 

The  anterior  branch  passes  forwards,  between  the  internal  oblique  and  the 
transversus  abdominis,  to  which  it  supplies  twigs.  It  enters  the  sheath  of  the  rectus, 
turns  forwards  through  that  muscle,  and  terminates  in  branches  which  become  cuta- 
neous midway  between  the  umbilicus  and  the  symphysis.  Before  it  becomes  cuta- 
neous it  supplies  twigs  to  the  transversus  abdominis,  the  internal  oblique,  the  rectus 
abdominis,  and  the  pyramidalis  muscles. 

The  lateral  branch  pierces  the  internal  oblique;  it  supplies  the  lowest  digita- 
tion  of  the  external  oblique,  and  then  pierces  the  latter  muscle  from  2-5  to  8  cm.  (1  to 
3  in.)  above  the  iliac  crest,  and  descends  in  the  superficial  fascia  of  the  anterior 
part  of  the  gluteal  region,  crossing  the  iliac  crest  about  25  cm.  (1  in.)  behind  its  an- 


934 


THE  NERVOUS  SYSTEM 


terior  extremity  and  reaching  as  far  down  as  the  level  of  the  great  trochanter.  Oc- 
casionally this  branch  is  absent  and  its  place  is  taken  by  the  iliac  branch  of  the  ilio- 

Fig.  686. — Cutaneous  Nerves  of  the  Thorax  and  Abdomen,  viewed  from  the  Side. 

(After  Henle.) 


hypogastric.  In  such  cases,  however,  the  communicating  branch  from  the  last 
thoracic  to  the  first  lumbar  nerve  is  larger  than  usual. 
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THE  LUMBO-SACRAL  PLEXUS 

The  lumbo-sacral  plexus  is  formed  by  the  union  of  the  anterior  primary  divisions  of 
the  lumbar,  sacral,  and  coccygeal  nerves.  In  about  50  per  cent,  of  cases  it  receives  a 
branch  from  the  twelth  thoracic  nerve. 

Partly  for  convenience  of  description  and  partly  on  account  of  the  differences  in 
position  and  course  of  some  of  the  nerves  arising  from  it  this  plexus  is  subdivided  into 
four  parts — the  lumbar,  sacral,  pudendal,  and  coccygeal  plexuses.  These  plexuses 
overlap  so  that  there  is  no  definite  line  of  demarcation  between  them.  However, 
they  will  be  considered  separately. 


THE  L  U31BAR  NER  VES 

The  anterior  primary  divisions  of  the  five  lumbar  nerves  increase  in  size  from 
the  first  to  the  last.  Each  lumbar  nerve  is  connected  by  one  or  two  long,  slender 
branches  with  a  lumbar  sympathetic  ganglion.  The  first  three  and  the  greater 
part  of  the  fourth  enter  into  the  formation  of  the  lumbar  plexus,  and  the  smaller 
part  of  the  fourth  and  the  fifth  nerve  commonly  unite  to  form  the  lumbo-sacral  cord 
which  takes  part  in  the  formation  of  the  sacral  plexus  (figs.  687  and  688). 
When  the  fourth  nerve  enters  into  the  formation  of  both  lumbar  and  sacral  plexuses, 
it  may  be  called  the  f ureal  nerve,  but  this  name  is  also  applied  to  any  of  the  nerves 
that  enter  into  the  formation  of  both  plexuses,  so  there  may  be  one  or  more  furcal 
nerves. 


THE  LUMBAR  PLEXUS 

Although  the  lumbar  plexus  is  ordinarily  formed  by  the  first  three  lumbar  nerves 
and  a  part  of  the  fourth,  yet  it  is  subject  to  considerable  variation  in  the  manner  of 
its  formation.  Owing  to  this  variation  three  general  classes  of  plexuses  may  be  found, 
proximal  or  pre-fixed,  ordinary,  and  distal  or  post-fixed.  The  basis  of  classi- 
fication is  the  relation  of  the  nerves  of  the  limb  to  the  spinal  nerves  which  enter  into 
their  formation.  The  intermediate  or  slighter  degrees  of  variation  may  consist  only 
of  changes  in  the  size  of  the  portions  contributed  by  the  different  spinal  nerves  to  a 
given  peripheral  nerve,  for  a  given  nerve  may  receive  a  larger  share  of  its  fibres  from 
a  more  proximal  spinal  nerve,  and  a  smaller  share  from  a  more  distal  nerve,  or  vice 
versa.  However,  in  the  more  marked  degrees  of  variation  the  origin  of  a  given  per- 
ipheral nerve  may  vary  in  either  direction  to  the  extent  of  one  spinal  nerve.  The  more 
extreme  types  of  the  plexuses  are  sometimes  associated  with  abnormal  conditions  of 
the  vertebral  column.  It  has  been  suggested  that  when  the  prefixed  or  proximal 
condition  occurs,  it  indicates  that  the  lower  limb  is  placed  a  segment  more  proximal 
than  in  the  ordinary  cases,  and  when  the  distal  condition  is  present,  that  the 
limb  is  arranged  a  segment  more  distal.  Three  types  each  of  the  proximal  and 
the  distal  classes  and  one  type  of  the  ordinary  class  have  -been  described  by 
Bardeen.  His  statistics  are  made  use  of  in  the  compilation  of  the  following 
tables,  in  which  are  shown  the  range  of  variation  and  the  common  composition  of  each 
class: — 


Composition  of  the  Nerves  of  the  Lumbar  Plexus 


Range  of  Variation 

Nerve.                      Proximal.                  Ordinary.  Distal. 

Lateral  (external)  cutaneous    12  T,  1,  2,  3  L.        1,  2,  3,  4  L.  1,  2,  3,  4  L. 

Femoral  (anterior  crural) . .  12  T,  1,  2,  3,  4  L.        1,  2,  3,  4  L.  1,  2,  3,  4,  5  L. 

Obturator                                  1,  2,  3,  4  L.        1,  2,  3,  4  L.  2,  3,  4,  5  L. 

Furcal                                     3  or  3,  4  L.                 4  L.  4,  5  or  5  L. 
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Common  Composition 

Nerve.                       Proximal.                  Ordinary.  Distal. 

Lateral  (external)  cutaneous           1,  2  L.               1,  2,  3  L.  2, 3  L. 

Femoral  (anterior  crural) .  .     1,  2,  3,  4  L.               2,  3,  4  L.  2,  3,  4,  5  L. 

Obturator                             1,  2,  3,  4  L.               2,  3,  4  L.  2,  3,  4  L. 

Furcal...                                      4  L.                     4  L.  4  L. 


The  lumbar  plexus  lies  in  the  posterior  part  of  the  psoas  muscle  (fig.  688),  in 
front  of  the  transverse  processes  of  the  lumbar  vertebrae  and  the  inner  border  of  the 
quadratus  lumborum,  and  its  terminal  branches  are  distributed  to  the  lower  part  of 
the  abdominal  wall,  the  front  and  inner  part  of  the  thigh,  the  external  genital 
organs,  the  front  of  the  knee,  the  inner  side  of  the  leg,  and  the  inner  side  of  the  foot. 

The  first  and  second  of  the  nerves  give  collateral  muscular  branches  to  the  quad- 
ratus lumborum  muscle,  and  the  second  and  third  nerves  give  similar  branches  to  the 
psoas.  The  remaining  branches  of  the  plexus  are  terminal  branches.  The  first  lumbar 
nerve,  after  it  has  been  joined  by  the  communication  from  the  last  thoracic  nerve, 
divides  into  three  terminal  branches,  the  ilio- hypogastric  nerve,  the  ilio-inguinal 
nerve,  and  a  branch  which  joins  the  second  nerve.  The  fibres  of  this  latter  branch 
pass  mainly  into  the  genito-femoral  (genito-crural)  nerve,  but  occasionally  some  of 
them  enter  the  femoral  (anterior  crural)  and  obturator  nerves.  The  remaining  nerves 
divide  into  anterior  or  ventral  and  posterior  or  dorsal  divisions.  The  anterior 
divisions  form  a  portion  of  the  genito-femoral  (genito-crural)  nerve  and  the  obtura- 
tor nerve,  and  the  posterior  divisions  enter  the  lateral  (external)  cutaneous  and 
femoral  (anterior  crural)  nerves. 

All  the  terminal  branches  of  the  plexus  are  formed  in  the  substance  of  the  psoas 
muscle;  four  of  them,  the  ilio-hypogastric,  the  ilio-inguinal,  the  lateral  (external) 
cutaneous,  and  the  femoral  (anterior  crural),  leave  the  muscle  at  its  outer  border. 
The  genito-femoral  (genito-crural)  passes  through  its  anterior  surface,  and  the 
obturator  through  its  inner  border. 

Terminal  branches. — The  Ilio-hypogastric  Nerve  springs  from  the  first  lum- 
bar nerve,  after  the  latter  has  been  joined  by  the  communicating  branch  from  the 
last  thoracic  nerve,  as  it  is  in  about  50  per  cent,  of  the  cases,  and  it  contains  fibres  of 
both  the  last  thoracic  and  the  first  lumbar  nerves.  It  pierces  the  outer  border  of  the 
psoas  and  crosses  in  front  of  the  quadratus  lumborum  (fig.  688),  and  behind  the  kid- 
ney and  the  colon.  At  the  outer  border  of  the  quadratus  it  pierces  the  aponeurosis 
of  origin  of  the  transversus  abdominis  and  enters  the  areolar  tissue  between  the  trans- 
versus  and  the  internal  oblique,  where  it  frequently  communicates  with  the  last  thoracic 
and  with  the  ilio-inguinal  nerve,  and  it  divides  into  an  iliac  and  a  hypogastric  branch, 
which  correspond,  respectively,  with  the  lateral  and  anterior  branches  of  a  typical 
spinal  nerve.  The  anterior  cutaneous  (hypogastric)  branch  passes  forwards  and 
downwards,  between  the  transversus  abdominis  and  the  internal  oblique  muscles, 
giving  branches  to  both;  it  communicates  with  the  ilio-inguinal  nerve,  and,  near  the 
anterior  superior  spine  of  the  ilium,  it  pierces  the  internal  oblique  muscle  and  con- 
tinues forwards  beneath  the  external  oblique  aponeurosis  towards  the  middle  line. 
About  2"  5  cm.  (1  in.)  above  the  subcutaneous  inguinal  ring  it  pierces  the  aponeurosis 
of  the  external  oblique,  becomes  subcutaneous,  and  supplies  the  skin  above  the 
symphysis. 

The  lateral  cutaneous  (iliac)  branch  pierces  the  internal  and  external  oblique 
muscles,  emerging  through  the  latter  above  the  iliac  crest  at  the  junction  of  its  an- 
terior and  middle  thirds  (fig.  693).  It  is  distributed  to  the  integument  of  the  upper 
and  outer  part  of  the  thigh,  in  the  neighbourhood  of  the  gluteus  medius  and  tensor 
fasciae  lata?  muscles  (fig.  691). 

The  Ilio-inguinal  Nerve  arises  principally  from  the  first  lumbar  nerve,  but  it 
frequently  contains  fibres  of  the  last  thoracic  nerve.  It  emerges  from  the  outer 
border  of  the  psoas,  at  a  lower  level  than  the  ilio-hypogastric  nerve,  and  passes  across 
the  quadratus  lumborum  (figs.  688  and  689).  As  a  rule,  it  is  below  the  level  of  the 
lower  end  of  the  kidney,  but  it  passes  behind  the  ascending  or  the  descending  colon 
according  to  the  side  on  which  it  lies,  and  crosses  the  posterior  part  of  the  inner  lip 
of  the  iliac  crest;  it  then  runs  forwards  on  the  upper  part  of  the  iliacus, 
pierces  the  transversus  abdominis  near  the  anterior  part  of  the  crest,  and  com- 
municates with  the  anterior  cutaneous  (hypogastric)  branch  of  the  ilio-hypogastric 
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nerve.  A  short  distance  below  the  anterior  superior  spine  it  passes  through  the  in- 
ternal oblique  muscle,  and  then  descends  in  the  inguinal  canal  to  the  subcutaneous 
inguinal  (external  abdominal)  ring,  through  which  it  emerges  into  the  thigh  on  the 
outer  side  of  the  spermatic  cord  (fig.  686) .  It  is  distributed  to  the  skin  of  the  upper 
and  inner  part  of  the  thigh,  in  the  male  to  the  root  of  the  penis  and  to  the  skin  of  the 
root  of  the  scrotum  through  the  anterior  scrotal  nerves  (fig.  691),  and  in  the 
female  to  the  mons  veneris  and  labium  majus  through  the  anterior  labial  nerves. 
Not  uncommonly  the  ilio-inguinal  nerve  is  blended  with  the  ilio-hypogastric  nerve 

Fig.  687. — Diagram  of  a  Common  Form  of  Lumbo-sacral  Plexus.    (Modified  from 

Paterson.) 
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and  separates  from  the  latter  between  the  transversus  abdominis  and  the  internal 
oblique  muscles.  It  may  be  replaced  by  branches  of  the  genito-femoral  (genito- 
crural)  nerve,  or  it  may  replace  that  nerve  or  the  lateral  cutaneous  nerve. 

The  Genito-femoral  (genito-crural)  Nerve  is  connected  with  the  first  and  second 
lumbar  nerves,  but  the  majority  of  its  fibres  are  derived  from  the  second  nerve.  It 
passes  obliquely  forwards  and  downwards  through  the  psoas  and  emerges  from  the 
anterior  surface  of  that  muscle,  close  to  its  internal  border,  at  the  level  of  the  lower 
border  of  the  third  lumbar  vertebra.    After  emerging  from  the  substance  of  the 
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psoas  it  runs  downwards  on  the  anterior  surface  of  the  muscle  (fig.  688),  to  the  outer 
side  of  the  aorta  and  the  common  iliac  artery,  passes  behind  the  ureter  and  divides 
into  two  branches,  an  external  spermatic  or  genital,  and  a  lumbo-inguinal  or  crural 
(fig.  689).  Occasionally  it  divides  in  the  substance  of  the  psoas,  and  then  the  two 
branches  issue  separately  through  the  anterior  surface  of  the  muscle. 

The  external  spermatic  (genital)  branch  runs  downwards  on  the  psoas  muscle, 
external  to  the  external  iliac  artery;  it  gives  a  branch  to  the  psoas,  and  at  Poupart's 
ligament  it  turns  around  the  inferior  epigastric  artery  and  enters  the  inguinal  canal, 
accompanying  the  spermatic  cord  in  the  male  or  the  round  ligament  in  the  female. 
It  supplies  the  cremaster  muscle,  and  gives  twigs  to  the  integument  of  the  scrotum 
(fig.  689)  or  the  labium  majus. 

The  lumbo-inguinal  (crural)  branch  passes  downwards  along  the  external  iliac 
artery  and  beneath  Poupart's  ligament  into  the  thigh,  which  it  enters  to  the  outer  side 
of  the  femoral  artery.  A  short  distance  below  Poupart's  ligament  it  pierces  the  fascia 
lata  or  passes  through  the  fossa  ovalis  (saphenous  opening)  and  supplies  the  skin  in 
the  middle  of  the  upper  part  of  the  thigh.  A  short  distance  below  Poupart's  liga- 
ment it  sometimes  sends  branches  of  communication  to  the  anterior  branch  of  the 
lateral  cutaneous  nerve,  and  about  the  middle  of  the  thigh  it  often  communicates 
with  the  cutaneous  branches  of  the  femoral  (anterior  crural)  nerve. 

The  Lateral  Cutaneous  Nerve  receives  fibres  from  the  dorsal  branches  of  the 
anterior  primary  divisions  of  the  second  and  third  lumbar  nerves,  and  frequently 
some  fibres  from  the  first  lumbar  (fig.  693).  It  emerges  from  the  outer  border  of  the 
psoas  and  passes  obliquely  across  the  iliacus  behind  the  iliac  fascia,  and  behind  the 
caecum  on  the  right  side  and  the  sigmoid  colon  on  the  left  side,  to  a  point  immediately 
below  the  anterior  superior  spine  of  the  ilium,  where  it  passes  below  Poupart's  liga- 
ment into  the  outer  angle  of  the  femoral  trigone  (Scarpa's  triangle).  Leaving  the 
trigone  at  once  it  passes  through,  behind,  or  in  front  of  the  sartorius  and  divides  into 
two  branches,  anterior  and  posterior,  which  enter  the  deep  fascia  (fig.  689). 

The  posterior  branch  of  the  lateral  cutaneous  nerve  breaks  up  into  several 
secondary  branches  which  become  subcutaneous,  and  they  supply  the  integument  of 
the  outer  part  of  the  thigh,  from  the  great  trochanter  to  the  level  of  the  middle  of 
the  femur.  The  anterior  branch  runs  downwards  in  a  canal  in  the  deep  fascia,  for 
three  or  four  inches,  before  it  becomes  subcutaneous.  It  usually  divides  into  two 
branches,  an  external  and  an  internal.  The  external  branch  supplies  the  skin  of  the 
lower  half  of  the  outer  side  of  the  thigh,  and  the  internal  branch  is  distributed  to  the 
skin  of  the  outer  side  of  the  front  of  the  thigh  as  far  as  the  knee  (fig.  689).  Its  lower 
filaments  frequently  unite  with  the  cutaneous  branches  of  the  femoral  (anterior 
crural),  and  with  the  patellar  branch  of  the  saphenous  nerve  in  front  of  the  patella, 
forming  with  them  the  patellar  plexus. 

The  Femoral  (Anterior  Crural)  Nerve  is  the  largest  branch  of  the  lumbar  plexus. 
It  is  formed  principally  by  fibres  of  the  dorsal  branches  of  the  anterior  primary 
divisions  of  the  second,  third,  and  fourth  lumbar  nerves,  but  it  sometimes  receives 
fibres  from  the  first  nerve  also  (figs.  688  and  693).  It  emerges  from  the  outer  border 
of  the  psoas  a  short  distance  above  Poupart's  ligament,  and  descends  in  the  groove 
between  the  psoas  and  the  iliacus,  behind  Poupart's  ligament,  into  the  femoral  trigone 
(Scarpa's  triangle),  where  it  lies  to  the  outer  side  of  the  femoral  artery  (fig.  690), 
from  which  it  is  separated  by  some  of  the  fibres  of  the  psoas.  In  this  situation  it  is 
flattened  out  and  it  divides  into  two  series  of  terminal  branches,  the  superficial  and 
the  deep. 

Branches. — The  branches  are  collateral  and  terminal. 

The  collateral  branches  are  twigs  of  supply  to  the  iliacus,  and  a  branch  to  the 
femoral  artery;  they  are  given  off  before  the  nerve  enters  the  femoral  trigone. 

The  terminal  branches  form  two  groups,  the  superficial  and  the  deep. 

The  superficial  terminal  branches  are  two  muscular  branches,  the  nerve  to 
the  pectineus,  and  the  nerve  to  the  sartorius,  and  two  anterior  cutaneous  branches. 

The  nerve  to  the  pectineus  passes  inwards  and  downwards  behind  the  femoral 
sheath  and  in  front  of  the  psoas  to  the  anterior  surface  of  the  pectineus,  in  which 
it  terminates. 

The  nerve  to  the  sartorius  accompanies  the  middle  cutaneous  nerve;  it  leaves 
the  latter  nerve  above  the  sartorius  and  ends  in  the  upper  part  of  the  muscle. 

The  anterior  (middle  and  internal)  cutaneous  nerves  are  best  described  sepa- 
rately.   The  middle  cutaneous  nerve  soon  divides  into  two  branches,  inner  and  outer. 
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The  outer  branch  pierces  the  sartorius  and  both  become  cutaneous  about  the  junc- 
tion of  the  upper  and  middle  thirds  of  the  thigh  (figs.  689  and  691).  They  descend 
along  the  inner  part  of  the  front  of  the  thigh  to  the  knee,  supplying  the  skin  in  the 
lower  two-thirds  of  the  inner  part  of  the  front  of  the  thigh,  and  their  terminal  fila- 
ments take  part  in  the  formation  of  the  patellar  plexus.  About  the  middle  of  the 
thigh  it  often  communicates  with  the  lumbo-inguinal  nerve  (crural  branch  of  the 
genito-crural  nerve).    The  internal  cutaneous  nerve  runs  downwards  and  inwards 


Fig.  688. — Lumbosacral  Plexus.     (After  Toldt,  "  Atlas  of  Human  Anatomy,"  Rebman, 

London  and  New  York.) 
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along  the  outer  side  of  the  femoral  artery,  to  the  apex  of  the  femoral  trigone  (Scarpa's 
triangle) ,  where  it  crosses  in  front  of  the  artery  and  divides  into  an  anterior  and  a 
posterior  terminal  branch.  Before  this  division  takes  place,  however,  two  or  three 
collateral  branches  are  given  off  from  the  trunk.  The  highest  of  these  passes  through 
the  fossa  ovalis  (saphenous  opening) ,  or  it  pierces  the  deep  fascia  immediately  below 
the  opening,  and  supplies  the  skin  as  low  as  the  middle  of  the  thigh.  The  lowest 
pierces  the  deep  fascia  at  the  middle  of  the  thigh  and  it  descends  in  the  subcutaneous 
tissue,  supplying  the  skin  on  the  inner  side  of  the  thigh  from  the  middle  of  the  thigh 
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to  the  knee  (figs.  691  and  693).  This  nerve  frequently  varies  in  size  inversely  with 
the  cutaneous  branches  of  the  obturator  and  saphenous  nerves. 

The  anterior  branch  passes  vertically  downwards  to  the  junction  of  the  middle 


Fig.  689. — Cutaneous  Nerves  of  the  Right  Thigh.  (Spalteholz.) 
(The  iliac  fascia  has  been  removed,  the  fascia  lata  retained.) 
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and  lower  thirds  of  the  thigh,  where  it  pierces  the  deep  fascia.  It  still  continues 
downwards  for  a  short  distance,  then  it  turns  outwards  and  passes  to  the  front  of 
the  knee,  where  it  enters  into  the  patellar  plexus. 
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The  posterior  branch  descends  along  the  posterior  border  of  the  sartorius,  and  it 
gives  off  a  branch  which  passes  beneath  that  muscle  to  unite  with  twigs  from  the 
saphenous  and  from  the  superficial  division  of  the  obturator  nerve,  forming  with  them 
the  subsartorial  plexus  which  lies  on  the  roof  of  the  adductor  (Hunter's  ) canal.  At 
the  inner  side  of  the  knee  the  nerve  pierces  the  deep  fascia  and  it  descends  to  the 
middle  of  the  calf  (figs.  689  and  691). 

The  deep  terminal  branches  are  six  in  number,  one  cutaneous  branch,  the 
saphenous,  and  five  muscular  branches.  The  branches  radiate  from  the  termination 
of  the  trunk  of  the  femoral  (anterior  crural)  nerve,  and  they  are  arranged  in  the 
following  order  from  within  outward: — the  saphenous  nerve,  the  nerve  to  the  vastus 
medialis,  the  nerve  to  the  articularis  genu  (subcrureus) ,  the  nerve  to  the  vastus  inter- 
medius  (crureus) ,  the  nerve  to  the  vastus  lateralis,  and  the  nerve  to  the  rectus  femoris. 

The  saphenous  nerve  passes  down  through  Scarpa's  triangle  along  the  outer 
side  of  the  femoral  artery.  At  the  apex  of  the  triangle  it  entersthe  adductor  (Hunter's) 
canal  and  descends  through  it,  lying  first  to  the  outer  side,  then  in  front,  and  finally 
to  the  inner  side  of  the  artery  (fig.  690) .  After  emerging  from  the  lower  end  of  the 
canal,  accompanied  by  the  superficial  branch  of  the  genu  suprema  (anastomotic) 
artery,  it  passes  between  the  posterior  border  of  the  sartorius  and  the  anterior  border 
of  the  tendon  of  the  gracilis,  and,  becoming  superficial,  it  enters  into  relationship 
with  the  great  saphenous  vein  and  descends  with  it  along  the  inner  border  of  the  upper 
two-thirds  of  the  tibia  (fig.  691).  It  crosses  the  inner  surface  of  the  lower  third  of  the 
tibia,  passes  in  front  of  the  internal  malleolus,  and  runs  forwards  along  the  inner 
border  of  the  foot  to  the  ball  of  the  great  toe. 

While  it  is  in  the  adductor  (Hunter's)  canal  it  gives  off  a  twig  to  the  subsartorial 
plexus.  Before  it  passes  from  under  cover  of  the  sartorius  it  gives  off  an  infra- 
patellar branch,  which  pierces  the  sartorius  just  above  the  knee  and  passes  outwards  to 
the  patellar  plexus.  After  it  becomes  superficial  it  supplies  the  integument  on  the 
inner  side  of  the  leg  and  foot,  and  it  anastomoses,  in  the  foot,  with  the  medial  dorsal 
cutaneous  branch  of  the  superficial  peroneal  (musculo-cutaneous)  nerve. 

The  nerve  to  the  vastus  medialis  accompanies  the  saphenous  nerve  in  the 
femoral  trigone  (Scarpa's  triangle),  lying  to  its  outer  side.  At  the  upper  end  of 
the  adductor  canal  it  passes  beneath  the  sartorius,  external  to  the  roof  of  the  canal, 
and  enters  the  inner  surface  of  the  vastus  medialis.  It  sends  a  twig  down  to  the 
knee-joint. 

The  nerve  to  the  articularis  genu  (subcrureus),  usually  a  terminal  branch  of 
the  femoral,  frequently  arises  from  the  nerve  to  the  vastus  intermedins.  It  passes 
between  the  vastus  medialis  and  the  vastus  intermedius  to  the  lower  third  of  the 
thigh,  where  it  supplies  the  articularis  genu  and  sends  a  branch  to  the  knee-joint. 

The  nerve  to  the  vastus  intermedius  (crureus)  is  represented  by  two  or  three 
branches  which  enter  the  upper  part  of  the  muscle.  One  of  them  frequently  sends 
a  twig  to  the  knee-joint. 

The  nerve  to  the  vastus  lateralis  passes  downwards  behind  the  rectus  and 
along  the  anterior  border  of  the  vastus  lateralis  accompanied  by  the  descending 
branch  of  the  external  circumflex  artery.    It  also  sends  a  branch  to  the  knee-joint. 

The  nerve  to  the  rectus  femoris  (fig.  690)  enters  the  deep  surface  of  that  muscle, 
having  previously  given  off  a  twig  to  the  hip-joint  which  accompanies  the  ascending 
branch  of  the  external  circumflex  artery. 

The  Obturator  Nerve  contains  fibres  from  the  anterior  divisions  of  the  second, 
third,  and  fourth  lumbar  nerves,  but  its  largest  root  is  derived  from  the  third  nerve 
(figs.  688  and  693) .  It  sometimes  receives  fibres  from  the  first  and  third  lumbar  nerves. 
It  emerges  from  the  inner  border  of  the  psoas  at  the  posterior  part  of  the  brim  of 
the  pelvis,  where  it  lies  in  close  relation  with  the  lumbo-sacral  trunk  of  the  plexus, 
from  which  it  is  separated  by  the  ilio-lumbar  artery.  Immediately  after  its  exit 
from  the  psoas  it  pierces  the  pelvic  fascia,  crosses  the  outer  side  of  the  internal  iliac 
vessels  and  the  ureter,  and  runs  forwards  in  the  extraperitoneal  fat,  below  the 
obliterated  hypogastric  artery  and  along  the  upper  part  of  the  inner  surface  of  the 
obturator  internus  to  the  upper  part  of  the  obturator  foramen,  where  it  passes 
through  the  obturator  canal  below  the  so-called  horizontal  ramus  of  the  pubis  and 
above  the  obturator  membrane,  into  the  upper  part  of  the  thigh.  It  is  accompanied 
in  the  pelvis  and  the  obturator  canal  by  the  obturator  artery,  which  lies  at  a  lower 
level  than  the  nerve,  and  it  divides  in  the  obturator  canal  into  two  branches,  an 
anterior  and  a  posterior. 
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The  anterior  branch  forms  a  communication  with  the  accessory  obturator 
nerve,  if  that  nerve  is  present,  and  then  descends  behind  the  pectineus  and  adductor 
longus  and  in  front  of  the  obturator  externus  and  adductor  magnus  muscles 
(fig.  690).    Its  branches  are: — 

1.  A  communicating  twig  to  the  accessory  obturator  nerve  if  the  latter  is  present. 

2.  An  articular  branch  to  the  hip-joint. 

3.  Muscular  branches  to  the  gracilis,  adductor  longus,  and,  usually,  to  the 
adductor  brevis. 

4.  Two  terminal  branches,  of  which  one  is  distributed  to  the  femoral  artery 
and  the  other  communicates  with  the  subsartorial  plexus.    The  subsartorial  branch 

Fig.  690. — Anterior  Crural  and  Obturator  Nerves.  (Ellis.) 


Femoral  vein  Femora!  artery 


is  occasionally  longer  than  usual,  and  it  then  descends,  along  the  posterior  border  of 
the  sartorius,  to  the  inner  side  of  the  knee,  where  it  enters  the  subcutaneous  tissue, 
and,  proceeding  downwards,  supplies  the  skin  on  the  inner  side  of  the  leg  as  far 
as  the  middle  of  the  calf.    It  anastomoses  with  the  saphenous. 

The  posterior  branch  (fig.  690)  pierces  the  upper  part  of  the  obturator  externus 
and  passes  downwards  between  the  adductor  brevis  and  adductor  magnus.  Its 
branches  are: — 

1.  Muscular  branches  to  the  obturator  externus,  the  oblique  fibres  of  the 
adductor  magnus,  and  to  the  adductor  brevis  when  the  latter  is  not  entirely  sup- 
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plied  by  the  superficial  branch.  The  branch  to  the  obturator  externus  is  given  off  in 
the  obturator  canal. 

2.  An  articular  branch  to  the  knee-joint  which  appears  in  some  cases  to  be 
the  continuation  of  the  trunk  of  the  posterior  branch  (fig.  690).  It  either  pierces 
the  lower  part  of  the  adductor  magnus,  or  it  passes  through  the  opening  for  the 
femoral  artery.  In  the  popliteal  space  it  descends  on  the  popliteal  artery  to  the 
back  of  the  joint,  where  it  pierces  the  posterior  ligament,  and  its  terminal  filaments 
are  distributed  to  the  crucial  ligaments  and  the  structures  in  their  immediate  neigh- 
bourhood. This  branch  is  not  uncommonly  absent.  Occasionally  the  posterior 
branch  of  the  obturator  nerve  also  supplies  a  twig  to  the  hip-joint. 

The  Accessory  Obturator  Nerve  arises  from  the  third  or  fourth  or  from  the  third 
and  fourth  lumbar  nerves,  in  the  angles  between  the  roots  of  the  femoral  (anterior 
crural)  and  obturator  nerves.  It  is  present  in  about  ten  per  cent,  of  the  cases 
examined.    It  is  often  closely  associated  with  the  obturator  nerve  to  the  level  of  the 


Fig. 


691. — Distribution  op  Cutaneous  Nerves  on  the  Posterior  and  Anterior 
Aspects  of  the  Inferior  Extremity. 
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brim  of  the  pelvis,  but  instead  of  passing  through  the  obturator  foramen',  it  descends 
along  the  inner  border  of  the  psoas,  crosses  the  anterior  part  of  the  brim  of  the  pelvis, 
passes  beneath  the  pectineus,  and  terminates  in  three  main  branches.  One  of  these 
branches  joins  the  anterior  division  of  the  obturator  nerve,  another  supplies  the 
pectineus,  and  the  third  is  distributed  to  the  hip-joint. 


The  Lumbosacral  Trunk 

The  trunk  usually  formed  by  the  union  of  the  smaller  part  of  the  fourth  and  the 
entire  fifth  lumbar  nerves  is  called  the  lumbo-sacral  trunk  (figs.  688,  693).  Some- 
times the  larger  part  of  the  fourth  nerve  may  help  to  form  the  trunk.    It  may  re- 
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ceive  fibres  from  the  third  lumbar  nerve  or  be  formed  entirely  from  the  fifth.  At  its 
formation  it  is  situated  on  the  ala  of  the  sacrum  under  cover  of  the  psoas.  It  de- 
scends into  the  pelvis,  and,  as  it  crosses  the  anterior  border  of  the  ala  of  the  sacrum,  it 
emerges  from  beneath  the  psoas  at  the  inner  side  of  the  obturator  nerve,  from  which 
it  is  separated  by  the  ilio-lumbar  artery.  It  passes  behind  the  common  iliac  vessels 
and  unites  with  the  first  and  second  sacral  nerves,  forming  with  them  the  upper 
trunk  of  the  sacral  plexus. 


SACRAL  NERVES 

The  anterior  primary  divisions  of  the  upper  four  sacral  nerves  enter  the  pelvis 
through  the  anterior  sacral  foramina  and  they  diminish  in  size  progressively  from  above 
downwards.  The  first  sacral  is  the  largest  of  the  spinal  nerves,  the  second  is  slightly 
smaller  than  the  first,  while  the  third  and  fourth  are  relatively  small.  The  fifth 
sacral  nerve  is  still  smaller  than  the  fourth ;  it  enters  the  pelvis  between  the  sacrum 
and  the  coccyx.  The  anterior  divisions  of  these  nerves  enter  into  the  formation  of 
three  parts  of  the  lumbo-sacral  plexus,  the  sacral,  pudendal,  and  coccygeal. 

Sacral  Plexus 

The  sacral  plexus  shows  in  its  formation  variations  similar  to  those  of  the  lumbar 
plexus;  hence  there  are  also  seven  types  of  this  plexus,  three  of  them  belonging  to  the 
prefixed  or  proximal  class,  three  to  the  postfixed  or  distal  class,  and  one  to  the 
ordinary  class.  The  following  tables  show  the  range  of  variation  and  the  common 
arrangement  in  these  classes: — 

Composition  of  the  Nerves  op  the  Sacral  Plexus 


Range  of  Variation 
Nerve.  Proximal.  Ordinary.  Distal. 

Furcal   3  or  3,  4  L.  4  L.  4,  5  or  5  L. 

Common  peroneal  (ex- 
ternal popliteal) ...  3,  4,  5  L.    1,2S.        4,  5L.    1,2S.         4,  5L.    1>  2,  3  S. 

Tibial  (internal  pop- 
liteal)  3,4,5L.    1,2S.      4,5L.    1,2,3S.        4, 5  L.    1,2, 3  4  S. 

Posterior  femoral  cu- 
taneous (small  sci- 
atic)  5L.    1,  2,  3S.        5L.    1,2,3,4S.        5L.    1,2, 3,4 S. 

Common  Composition 

Nerve.                   Proximal.  Ordinary.  Distal. 

Furcal                            4  L.  4  L.  4  L. 

Common  peroneal  (ex- 
ternal popliteal) ...  4,  5  L.    1,  2  S.  4,  5  L.    1,  2  S.  4,  5  L.    1,  2  S. 

Tibial  (internal  pop- 
liteal)                   4,  5L.    1,2S.  4,5L.    1,2,3S.       4,  5  L.  1,  2,  3,  4  S. 

Posterior  femoral  cu- 
taneous (small  sci- 
atic)                        1,  2,  3S.  1,  2,  3S.  2,  3S. 


The  ordinary  type  of  sacral  plexus  is  commonly  formed  by  the  smaller  part  of  the 
anterior  division  of  the  fourth  lumbar  nerve  and  the  entire  anterior  division  of  the 
fifth  lumbar  nerve,  together  with  the  first  and  parts  of  the  second  and  third  sacral 
nerves. 

The  plexus  lies  in  the  pelvis  on  the  anterior  surface  of  the  piriformis  (fig.  692)  and 
behind  the  pelvic  fascia  and  the  branches  of  the  hypogastric  (internal  iliac)  artery. 
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It  is  also  behind  the  coils  of  intestine,  the  lower  part  of  the  ilio-pelvic  colon  lying  in 
front  of  the  left  plexus,  and  the  lower  part  of  the  ileum  in  front  of  the  right  plexus. 

The  branches  given  off  by  this  plexus  are: — collateral,  visceral,  cutaneous,  and 
muscular. 

The  collateral  branches  are  visceral,  muscular,  and  cutaneous  offsets. 

Visceral  Branches  are  given  off  from  the  second,  third,  and  fourth  sacral  nerves 
to  the  pelvic  viscera.  Both  the  collateral  and  visceral  branches  of  the  plexus  are 
relatively  small  and  are  seldom  given  special  names. 


Fig.  692. — Lumbo-sacral  Plexus.     (After  Toldt,  "Atlas  of  Human  Anatomy,"  Rebman, 

London  and  New  York.) 
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Cutaneous  branches.— (a)  The  Posterior  Femoral  Cutaneous  (small  sciatic) 
nerve  arises  partly  from  the  anterior  and  partly  from  the  posterior  branches  of  the 
anterior  primary  divisions  of  the  first,  second,  and  third  sacral  nerves.  It  lies  on  the 
back  of  the  plexus  (figs.  692,  693),  leaves  the  pelvis  at  the  lower  border  of  the  pirifor- 
mis, and  descends  in  the  buttock  between  the  gluteus  maximus  and  the  posterior 
surface  of  the  sciatic  nerve  (fig.  694) .  At  the  lower  border  of  the  gluteus  maximus  it 
passes  behind  the  long  head  of  the  biceps  femoris,  and  descends,  immediately  be- 
neath the  deep  fascia,  through  the  thigh  and  the  upper  part  of  the  popliteal  space 
60 
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(fig.  691).  At  the  lower  part  of  the  popliteal  region  it  perforates  the  deep  fascia,  and 
it  terminates  in  branches  which  are  distributed  to  the  skin  of  the  calf. 

Branches. — 1.  Perineal  branches  are  distributed  in  part  to  the  skin  of  the  upper 
and  inner  sides  of  the  thigh  on  its  dorsal  aspect.  One  of  the  branches,  known  as  the 
long  pudendal  nerve,  runs  forwards  and  inwards  in  front  of  the  tuberosity  of  the 
ischium  to  the  lateral  margin  of  the  anterior  part  of  the  perineum,  where  it  perforates 
the  fascia  lata  and  Colles'  fascia  and  enters  the  anterior  compartment  of  the  perineum. 
It  communicates  in  the  perineum  with  the  superficial  perineal  nerves,  and  its  terminal 
filaments  are  distributed  to  the  skin  of  the  scrotum  in  the  male,  and  to  the  labium 
ma  jus  in  the  female. 

2.  Inferior  clunial  (gluteal)  branches,  two  or  three  in  number,  are  given  off 
beneath  the  gluteus  maximus ;  they  turn  around  the  lower  border  of  this  muscle  and 
are  distributed  to  the  skin  of  the  lower  and  outer  part  of  the  gluteal  region. 

3.  Femoral  cutaneous  branches  are  given  off  as  the  nerve  descends  through  the 
thigh.  They  perforate  the  deep  fascia  and  are  distributed  to  the  skin  of  the  back  of 
the  thigh,  especially  on  the  inner  side. 

In  case  of  the  separate  origin  of  the  tibial  (internal  popliteal)  and  common  peroneal 
(external  popliteal)  nerves,  the  posterior  femoral  cutaneous  also  arises  from  the  sacral 
plexus  in  two  parts.  The  ventral  portion  descends  with  the  tibial  nerve  below  the 
piriformis  and  gives  off  the  perineal  branches  and  inner  femoral  branches,  while  the 
dorsal  portion  passses  through  that  muscle  with  the  common  peroneal  nerve,  and 
furnishes  the  gluteal  and  outer  femoral  branches. 

(b)  The  inferior  medial  clunial  (perforating  cutaneous)  nerve  arises  from  the 
posterior  portion  of  the  second  and  third  sacral  nerves  (figs.  692,  693).  It  perforates 
the  lower  part  of  the  sacro-tuberous  (great  sciatic)  ligament,  turns  around  the  in- 
ferior border  of  the  gluteus  maximus,  and  is  distributed  to  the  skin  over  the  lower 
and  inner  part  of  that  muscle.  It  is  sometimes  associated  at  its  origin  with  the  pudic 
nerve.  It  is  not  always  present.  Its  place  is  sometimes  taken  by  a  small  nerve 
(the  greater  coccygeal  perforating  of  Eisler),  arising  from  the  third  and  fourth  or  fourth 
and  fifth  sacral  nerves,  and  sometimes  it  is  represented  by  a  branch  of  the  pos- 
terior femoral  cutaneous  (small  sciatic) . 

Muscular  Branches. — (a)  One  or  two  small  nerves  to  the  piriformis  pass  from 
the  posterior  divisions  of  the  first  and  second  sacral  nerves. 

(6)  The  superior  gluteal  nerve  receives  fibres  from  the  posterior  branches  of  the 
fourth  and  fifth  lumbar,  and  the  first  sacral  nerves.  It  passes  out  of  the  pelvis  through 
the  great  sciatic  foramen,  above  the  upper  border  of  the  piriformis,  and  it  is  accom- 
panied by  the  superior  gluteal  artery.  As  soon  as  it  enters  the  buttock  it  divides  into 
two  branches,  an  upper  and  a  lower. 

1.  The  upper  branch  is  the  smaller.  It  accompanies  the  upper  branch  of  the 
deep  division  of  the  superior  gluteal  artery  below  the  middle  curved  line  of  the  ilium, 
and  it  ends  entirely  in  the  gluteus  medius  (fig.  694) . 

2.  The  lower  branch,  larger  than  the  upper,  passes  forwards  across  the  middle 
of  the  gluteus  minimus,  with  the  lower  branch  of  the  gluteal  artery;  it  supplies  the 
gluteus  medius  and  the  gluteus  minimus,  and  it  ends  in  the  inner  and  posterior  part 
of  the  tensor  fasciae  latse. 

(c)  The  inferior  gluteal  nerve  is  formed  by  fibres  from  the  posterior  branches 
of  the  fifth  lumbar,  and  the  first  and  second  sacral  nerves.  It  passes  through  the 
great  sciatic  foramen,  below  the  piriformis,  and  divides  into  a  number  of  branches 
which  end  in  the  gluteus  maximus  (figs.  692,  693). 

(d)  The  nerve  to  the  quadratus  femoris  is  formed  by  the  anterior  branches  of 
the  fourth  and  fifth  lumbar  and  the  first  and  second  sacral  nerves.  It  lies  on  the 
front  of  the  plexus  and  issues  from  the  pelvis  below  the  piriformis.  In  the  buttock 
it  lies  at  first  between  the  sciatic  nerve  and  the  back  of  the  ischium,  and,  at  a  lower 
level,  between  the  obturator  internus  with  the  gemelli  and  the  ischium.  It  terminates 
in  the  anterior  surface  of  the  quadratus  femoris,  having  previously  given  off  a  branch 
to  the  hip- joint  and  another  to  the  inferior  gemellus. 

(e)  The  nerve  to  the  obturator  internus  is  formed  by  the  anterior  branches 
of  the  fifth  lumbar,  and  the  first  and  second  thoracic  nerves  (figs.  692  and  693).  It 
leaves  the  pelvis  below  the  piriformis,  and  crosses  the  spine  of  the  ischium  on  the  outer 
side  of  the  internal  pudic  artery  and  on  the  inner  side  of  the  sciatic  nerve.  It  gives  a 
branch  to  the  gemellus  superior,  and  turns  forwards  through  the  small  sciatic  fora- 
men into  the  perineum,  where  it  terminates  in  the  inner  surface  of  the  obturator 
internus. 


THE  SCIATIC  NERVE 


947 


The  sciatic  nerve  (n.  ischiadicus). — The  sciatic  is  not  only  the  largest  nerve 
of  the  sacral  plexus,  but  it  is  also  the  largest  nerve  in  the  body.  Its  terminal 
branches  are  chiefly  muscular,  though  some  of  its  fibres  are  cutaneous.  Although 
it  is  referred  to  as  one  trunk,  it  consists  in  reality  of  peroneal  (external)  and  tibial 
(internal  popliteal)  portions,  which  are  bound  together  by  a  sheath  of  fibrous  tissue 
as  far  as  the  upper  end  of  the  popliteal  space.  In  about  10  per  cent,  of  the  cases  the 
two  parts  remain  separate,  and  in  such  cases  the  peroneal  (external  popliteal)  part 
usually  pierces  the  piriformis.  The  peroneal  portion  of  the  nerve  consists  of  fibres 
derived  from  the  dorsal  branches  of  the  anterior  primary  divisions  of  the  fourth  and 
fifth  lumbar  and  the  first  and  second  sacral  nerves,  while  the  tibial  part  is  formed 


Fig.  693. — A  Dissection  of  the  Lumbar  and  Sacral  Plexuses,  from  behind. 
(The  anterior  crural  nerve  is  placed  between  the  external  cutaneous  and  obturator  nerves.) 
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by  the  fibres  from  the  anterior  branches  of  the  fourth  and  fifth  lumbar,  and  the  first, 
second,  and  third  sacral  nerves  (figs.  692,  693).  The  common  trunk  leaves  the 
pelvis  by  passing  through  the  great  sacro-sciatic  foramen,  below  the  piriformis, 
and  descends  through  the  buttock,  running  midway  between  the  tuber  ischii  and 
the  great  trochanter  (fig.  694).  Passing  down  the  thigh,  it  terminates  at  the  upper 
angle  of  the  popliteal  space  by  dividing  into  the  common  peroneal  (external  popli- 
teal) and  the  tibial  (internal  popliteal)  nerves  (fig.  695).  The  trunk  of  the  nerve 
lies  deeply  in  the  thigh,  and  it  is  covered  posteriorly  by  the  skin  and  fascia,  the 
gluteus  maximus  and  the  long  head  of  the  biceps  femoris.    Anteriorly  it  is  in 
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relation,  from  above  downward,  with  the  following  structures: — the  posterior  sur- 
face of  the  ischium  and  the  nerve  to  the  quadratus  femoris,  the  gemellus  superior, 
obturator  internus,  gemellus  inferior,  quadratus  femoris,  and  adductor  magnus 
muscles. 

Muscular  branches  are  given  off  at  the  upper  part  of  the  thigh  to  the  semi- 
tendinosus,  to  the  long  head  of  the  biceps  femoris,  to  the  semimembranosus,  and  to 
the  adductor  magnus,  and,  about  the  middle  of  the  thigh,  a  branch  is  furnished  to  the 
short  head  of  the  biceps.  The  branch  to  the  short  head  of  the  biceps  is  derived  from 
the  peroneal  (external  popliteal)  portion  of  the  nerve,  while  all  the  other  muscular 
branches  are  given  off  by  the  tibial  (internal  popliteal)  part.  The  semitendinosus 
receives  two  branches,  one  which  enters  it  above  and  another  which  passes  into  it 
below  its  tendinous  intersection.  The  nerve  to  the  long  head  of  the  biceps  descends 
along  the  sciatic  trunk  and  enters  the  middle  of  the  deep  surface  of  the  muscle. 
The  nerves  to  the  semimembranosus  and  adductor  magnus  arise  by  a  common 
trunk  which  divides  into  three  or  four  branches.  One  branch  ends  in  the  adductor, 
and  the  others  are  distributed  to  the  semimembranosus.    The  branch  to  the  adductor 


Fig.  694. — A  Dissection  of  the  Nerves  in  the  Gluteal  Region. 
(The  gluteus  maximus  and  gluteus  medius  have  been  divided  near  their  insertions,  and  thrown 

upwards.) 
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magnus  supplies  only  those  fibres  of  the  muscle  which  begin  from  the  tuberosity  of  the 
ischium  and  descend  vertically  to  the  internal  condyle  of  the  femur. 

At  the  apex  of  the  popliteal  space  the  two  component  parts  of  the  common  trunk 
of  the  sciatic  become  distinct.  The  tibial  nerve  (internal  popliteal),  formed  by 
fibres  from  the  anterior  branches  of  the  fourth  and  fifth  lumbar  and  first,  second,  and 
third  sacral  nerves,  passes  vertically  through  the  popliteal  space,  descends  through 
the  leg  to  a  point  midway  between  the  internal  malleolus  and  the  most  prominent 
part  of  the  inner  tubercle  of  the  os  calcis,  where  it  divides  into  its  terminal  branches, 
the  lateral  'plantar  and  the  medial  plantar  nerves.  The  part  of  the  nerve  from  the 
point  of  bifurcation  to  the  lower  border  of  the  popliteus  muscle  is  sometimes  called 
the  internal  popliteal;  the  part  of  the  nerve  in  the  back  of  the  leg  being  then  designated 
the  posterior  tibial  nerve.  In  the  upper  part  of  the  popliteal  space  the  tibial  (internal 
popliteal)  nerve  lies  relatively  superficially,  being  covered  dorsally  by  the  skin  and 
fascia,  while  in  the  lower  part  of  the  space  it  is  overlapped  by  the  heads  of  the 
gastrocnemius  and  is  crossed  by  the  plantaris.  In  the  upper  part  of  the  space  it  lies 
in  front  of  the  posterior  femoral  cutaneous  (small  sciatic)  nerve  and  to  the  outer 
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side  of  the  vein  and  artery;  at  the  middle  of  the  space  it  is  behind  and  in  the  lower 
part  of  the  space  it  is  internal  to  both  of  them. 

The  branches  given  off  by  the  tibial  nerve  in  the  popliteal  space  are  articular, 
cutaneous,  and  muscular. 

The  articular  branches  are  usually  three  in  number,  a  superior  and  an  inferior 
internal  articular  and  an  azygos  articular.  They  accompany  the  corresponding  ar- 
teries, and,  after  piercing  the  ligaments,  are  distributed  in  the  interior  of  the  joint. 
The  superior  branch  is  often  wanting. 

The  cutaneous  branch,  the  medial  sural  cutaneous  (tibial  communicating)  nerve, 
descends  between  the  heads  of  the  gastrocnemius,  beneath  the  deep  fascia,  to  the 
middle  of  the  calf,  where  it  pierces  the  fascia  and  unites  with  the  peroneal  anastomotic 
branch  of  the  lateral  sural  cutaneous  to  form  the  sural  (external  saphenous)  nerve, 
through  which  its  fibres  are  distributed  to  the  skin  of  the  lower  and  back  part  of  the 
leg  and  the  outer  side  of  the  foot. 

The  muscular  branches  are  distributed  to  both  heads  of  the  gastrocnemius,  to 
the  plantaris,  soleus,  and  popliteus.  The  nerve  to  the  soleus  is  relatively  large,  and 
passes  between  the  outer  head  of  the  gastrocnemius  and  the  plantaris  before  it 
reaches  its  termination  (fig.  695).  The  nerve  to  the  popliteus  descends  on  the  pos- 
terior surface  of  the  muscle,  turns  around  its  lower  border,  and  is  distributed  on  its 
anterior  aspect.  In  addition  to  supplying  the  popliteus,  it  gives  articular  branches 
to  the  knee  and  superior  tibio-fibular  joints,  a  branch  to  the  tibia  which  accompanies 
the  medullary  artery,  and  a  long,  slender  twig  which  gives  filaments  to  the  anterior 
and  posterior  tibial  arteries,  and  it  descends  as  the  interosseous  crural  nerve  (Hal- 
bertsma)  on  the  interosseous  membrane  to  the  inferior  tibio-fibular  joint.  It  also 
gives  branches  to  the  interosseous  membrane  and  to  the  periosteum  of  the  lower 
part  of  the  tibia. 

In  the  upper  part  of  the  leg  the  tibial  nerve  is  placed  deeply,  under  cover  of  the 
gastrocnemius  and  soleus,  but  in  the  lower  half  it  is  merely  covered  by  the  deep 
fascia,  which  is  thickened  between  the  internal  malleolus  and  the  calcaneus  to  form 
the  laciniate  (internal  annular)  ligament,  and  the  termination  of  the  nerve  lies  either 
under  cover  of  this  ligament,  or  under  the  origin  of  the  abductor  hallucis.  The  an- 
terior relations  of  the  nerve  are,  from  above  downwards,  the  tibialis  posterior,  the 
flexor  digitorum  longus,  the  lower  part  of  the  tibia,  and  the  posterior  ligament 
of  the  ankle-joint.  For  a  short  distance  after  its  commencement  the  nerve  lies  to  the 
inner  side  of  the  posterior  tibial  artery;  then  it  crosses  behind  the  artery  and  runs 
downwards  along  its  outer  side. 

The  branches  of  the  lower  part  of  the  tibial  nerve  (below  the  popliteal  space) 
are  likewise  muscular,  cutaneous,  and  articular.  They  are  supplied  to  the  deep 
muscles  of  the  back  of  the  leg,  to  the  fibula,  to  the  skin  of  the  heel  and  foot,  and  to 
the  ankle-joint.  Several  of  the  terminal  branches  are  important  enough  to  receive 
special  names  and  special  treatment. 

The  muscular  branches  pass  from  the  upper  part  of  the  nerve  to  the  tibialis 
posterior,  flexor  digitorum  longus,  soleus,  and  flexor  hallucis  longus.  The  fibular 
branch  arises  with  the  nerve  to  the  flexor  hallucis  longus,  and  accompanies  the  per- 
oneal artery.  It  supplies  the  periosteum  and  gives  filaments  which  accompany  the 
medullary  artery. 

The  articular  branches  arise  from  the  lower  part  of  the  nerve,  immediately  above 
its  terminal  branches,  and  they  pass  into  the  joint  through  the  internal  lateral 
ligament. 

The  medial  calcaneal  (calcaneo-plantar  cutaneous)  nerves  arise  from  the 
trunk  of  the  tibial  nerve  in  the  lower  part  of  the  leg.  They  pierce  the  laciniate 
(internal  annular)  ligament,  and  are  distributed  to  the  integument  of  the  inner  side 
and  under  surface  of  the  heel  and  the  adjoining  part  of  the  sole  of  the  foot  (fig.  695). 

The  medial  plantar  nerve  is  the  larger  of  the  two  terminal  branches  of  the 
tibial  nerve.  It  commences  under  cover  of  the  lower  border  of  the  laciniate  (internal 
annular)  ligament,  or  under  the  posterior  border  of  the  abductor  hallucis,  and 
passes  forwards,  accompanied  by  the  small  internal  plantar  artery,  in  the  inter- 
muscular septum  between  the  abductor  hallucis  and  the  flexor  digitorum  brevis. 
At  the  middle  of  the  length  of  the  foot  it  becomes  superficial,  in  the  interval  be- 
tween the  two  muscles,  and  divides  into  four  sets  of  terminal  branches  (fig.  696) : — 

(a)  Branches. — Muscular  branches  pass  from  the  trunk  of  the  nerve  to  the  ab- 
ductor hallucis  and  the  flexor  digitorum  brevis. 
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(b)  Articular  branches  are  distributed  to  the  talonavicular  (astragalo-scaphoid) 
and  the  naviculari-cuneiform  joint. 

Fig.  695. — Muscle  Nerves  of  the  Right  Leg,  viewed  from  Behind.  (Spalteholz.) 
The  semitendinosus,  semimembranosus,  biceps  femoris,  gastrocnemius,  plantaris,  soleus,  and 
flexor  hallucis  longus  have  been  wholly  or  in  part  removed. 
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(c)  Plantar  cutaneous  branches  are  supplied  to  the  skin  of  the  inner  part  of  the 
sole. 

(d)  The  digital  branches  are  four  in  number,  the  first,  a  proper  plantar  digital, 
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the  second,  third,  and  fourth,  common  plantar  digitals.  Near  the  bases  of  the 
metatarsal  bones,  the  second,  third,  and  fourth  divide  into  proper  plantar  digital 
nerves.  The  first  proper  plantar  digital  nerve  becomes  subcutaneous  farther  back 
than  the  others,  and,  after  sending  a  branch  to  the  flexor  hallucis  brevis,  passes  to  the 
inner  side  of  the  great  toe.  The  second  (common  digital)  nerve  gives  a  twig  to  the 
first  lumbrical  and  bifurcates  to  supply  the  adjacent  sides  of  the  first  and  second  toes. 
The  third  supplies  the  adjacent  sides  of  the  second  and  third  toes,  and  the  fourth, 
after  communicating  with  the  superficial  branch  of  the  lateral  plantar  nerve, 
divides  to  supply  the  adjacent  sides  of  the  third  and  fourth  toes.    All  the  proper 

Fig.  696. — Superficial  Nerves  in  the  Sole  of  the  Foot.  (Ellis.) 


Abductor  hallucis 


Flexor  digitorum  brevis 

MEDIAL  PLANTAR 
NERVE 
Medial  plantar  artery 


PROPER  PLANTAR  - 
DIGITAL  NERVE 
TO  INNER  SIDE 
OF  HALLUX 


digital  nerves  run  along  the  sides  of  the  toes  and  lie  below  the  corresponding  arteries ; 
they  supply  the  joints  of  the  toes,  and  each  gives  off  a  dorsal  branch  to  the  skin  over 
the  second  and  terminal  phalanges  and  to  the  bed  of  the  nail.  All  of  them  are  con- 
nected with  numerous  Pacinian  corpuscles. 

The  Lateral  Plantar  Nerve  is  the  smaller  of  the  two  terminal  branches  of  the 
tibial  nerve.  It  commences  at  the  lower  border  of  the  laciniate  (internal  annular) 
ligament,  or  under  cover  of  the  origin  of  the  abductor  hallucis,  and  passes  forwards 
and  outwards  to  the  base  of  the  fifth  metatarsal  bone,  where  it  divides  into  a  super- 
ficial and  a  deep  branch  (fig.  696).  As  it  runs  forwards  and  outwards  it  is  superficial 
to  the  tendon  of  the  flexor  hallucis  longus  and  to  the  quadratus  plantse  (flexor 
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accessorius) ,  and  deep  to  the  flexor  digitorum  brevis.  At  its  termination  it  lies  in 
the  interval  between  the  flexor  digitorum  brevis  and  abductor  digiti  quinti. 

Branches. — From  the  trunk  of  the  lateral  plantar  nerve  muscular  and  articular 
branches  are  given  off. 

The  muscular  branches  arise  from  the  commencement  of  the  nerve  and  are  dis- 
tributed to  the  abductor  digiti  quinti  and  quadratus  plantae. 

The  articular  branches  supply  the  calcaneo-cuboid  joint. 

The  superficial  branch  supplies  muscular  filaments  to  the  flexor  digiti  quinti 
brevis,  the  third  plantar  and  fourth  dorsal  interosseous  muscles,  and  divides  into  two 
common  plantar  digital  nerves,  each  of  which  subdivides  to  form  proper  plantar 
digital  nerves.  The  outer  of  the  two  branches  supplies  the  outer  side  of  the  fifth 
digit;  the  inner  communicates  with  the  outer  digital  branch  of  the  medial  plantar 
nerve  (fig.  696)  and  divides  into  proper  plantar  digital  nerves  for  the  adjacent  sides 
of  the  fourth  and  fifth  digits.  The  digital  branches  of  the  superficial  division  of  the 
lateral  plantar,  like  those  of  the  medial  plantar,  supply  the  skin  of  the  toes  and  the  beds 
of  the  nails,  and  are  associated  with  numerous  Pacinian  corpuscles. 

The  deep  branch  passes  forwards  and  inwards  into  the  deep  part  of  the  sole  with 
the  plantar  arterial  arch.  It  runs  deep  to  the  quadratus  plantae,  the  long  flexor 
tendons  and  the  lumbricals,  and  the  oblique  adductor  of  the  great  toe.  It  lies,  there- 
fore, immediately  beneath  the  bases  of  the  metatarsal  bones  and  it  supplies  the  fol- 
lowing muscular  and  articular  branches: — 

Muscular  branches  to  the  outer  three  lumbricals,  the  interossei  of  the  inner 
three  inter-metatarsal  spaces,  and  the  transverse  and  oblique  adductor  muscles 
of  the  great  toe. 

Articular  branches  to  the  intertarsal  and  to  the  tarso-metatarsal  joints  and  not 
uncommonly  to  the  metatarso-phalangeal  joints  also.  Filaments  from  the  deep 
branch  frequently  pass  through  the  interosseous  spaces  and  communicate  with 
the  interosseous  branches  of  the  deep  peroneal  (anterior  tibial)  nerve. 

The  Common  Peroneal  (External  Popliteal)  Nerve. — At  the  apex  of  the  pop- 
liteal space,  where  the  two  component  parts  of  the  sciatic  trunk  usually  become 
distinct,  the  external  portion  receives  the  name  n.  peronaus  communis.  It  descends 
along  the  posterior  border  of  the  biceps  femoris,  which  forms  the  upper  part 
of  the  outer  boundary  of  the  space  (fig.  695).  It  leaves  the  space  at  the  external 
lateral  angle,  crosses  the  plantaris,  the  outer  head  of  the  gastrocnemius,  the  pop- 
liteus,  and  the  inferior  external  artery,  and  descends  behind  the  upper  part  of  the 
soleus,  to  the  neck  of  the  fibula,  where  it  turns  forwards  between  the  peroneus  longus 
and  the  bone,  and  breaks  up  into  its  three  terminal  branches,  the  recurrent  articular, 
the  superficial  peroneal  (musculo-cutaneous) ,  and  the  deep  peroneal  (anterior  tibial) 
nerves  (fig.  697). 

Upper  branches. — While  it  is  in  the  popliteal  space  the  peroneal  (external  popliteal) 
nerve  gives  off  two  articular  branches  and  a  cutaneous  branch.  The  upper  articular 
branch  accompanies  the  superior  external  articular  artery.  The  lower  articular 
branch  passes  down  with  the  trunk  of  the  nerve,  across  the  plantaris  and  the  outer 
head  of  the  gastrocnemius,  and  it  joins  the  lower  external  articular  artery  behind 
the  tendon  of  the  biceps  femoris.  Both  the  upper  and  lower  articular  branches  pierce 
the  ligaments  and  are  distributed  in  the  interior  of  the  joint. 

The  cutaneous  branch  (communicans  fibularis),  lateral  sural  cutaneous,  is 
extremely  variable  both  as  to  the  number  of  its  branches  and  as  to  the  place  of  its 
anastomosis  with  the  medial  sural  cutaneous.  Leaving  the  common  peroneal  (ex- 
ternal popliteal)  in  the  popliteal  space,  it  descends  between  the  deep  fascia  and  the 
external  head  of  the  gastrocnemius  to  the  middle  of  the  calf,  where  it  pierces  the  fascia 
and  unites  with  the  medial  sural  cutaneous  to  form  the  sural  (external  saphenous) 
nerve.  In  its  course  it  may  give  off  no  branches;  or  it  may  give  off  several,  some 
of  which  supply  the  skin  of  the  back  of  the  leg,  while  one  of  them,  the  peroneal 
anastomotic  branch,  unites  with  the  medial  sural  cutaneous  to  form  the  sural  (short 
saphenous)  nerve.  The  junction  of  the  peroneal  anastomotic  branch  with  the 
medial  sural  cutaneous  may  take  place  at  any  point  between  the  popliteal  space  and 
the  lower  third  of  the  leg. 

The  sural  (external  or  short  saphenous)  nerve  is  formed  by  the  union  of  the 
lateral  sural  cutaneous  nerve  either  directly,  or  through  a  communicating  branch, 
the  peroneal  anastomotic,  with  the  medial  sural  cutaneous  (fig.  695).  It  descends 
along  the  outer  border  of  the  tendo  Achillis,  giving  branches  to  the  lower  and  outer 
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part  of  the  leg,  and  lateral  calcaneal  branches  to  the  outer  side  of  the  heel.  It 
passes  behind  the  external  malleolus,  turns  forwards  across  the  lateral  surface  of  the 
cruciate  (external  annular)  ligament,  and  becomes  the  lateral  dorsal  cutaneous  nerve. 
Continuing  along  the  outer  side  of  the  foot  it  divides  into  two  branches,  the  dorsal 


Fig.  697. — Distribution  of  the  Superficial  and  Deep  Peroneal  Nerves  on  the  Anterior 
Aspect  of  the  Leg  and  on  the  Dorsum  of  the  Foot.    (Hirschfeld  and  Leveille.) 
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digitals,  one  of  which  supplies  the  outer  side  of  the  fifth  digit,  while  the  other  an- 
astomoses with  or  takes  the  place  of  a  branch  -of  the  superficial  peroneal  (musculo- 
cutaneous) nerve,  which  is  distributed  to  the  adjacent  sides  of  the  fourth  and  fifth 
digits  (fig.  697). 
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The  recurrent  articular  nerve  passes  inwards,  around  the  neck  of  the  fibula, 
and  through  the  upper  part  of  the  origin  of  the  extensor  digitorum  longus.  At 
the  inner  border  of  the  fibula  it  becomes  associated  with  the  anterior  tibial 
recurrent  artery,  with  which  it  ascends  through  the  upper  part  of  the  tibialis 
anterior  to  the  head  of  the  tibia  and  the  knee-joint.  It  supplies  the  tibialis  anterior, 
the  superior  tibio-fibular  joint,  and  the  knee-joint. 

The  terminal  branches. — The  superficial  peroneal  (musculo-cutaneous) 
nerve  arises  from  the  common  peroneal  between  the  peroneus  longus  and  the  neck 
of  the  fibula  and  descends  in  the  intermuscular  septum  between  the  long  and  short 
peronei  on  the  outer  side,  and  the  extensor  digitorum  longus  on  the  inner  side.  It 
gives  off  muscular  and  cutaneous  branches  in  its  descent,  and  at  the  junction  of  the 
middle  and  lower  thirds  of  the  leg  it  pierces  the  deep  fascia  and  divides  into  an 
internal  and  an  external  branch  (fig.  697). 

Branches. — Muscular  branches  are  grven  off  to  the  peroneus  longus  and 
peroneus  brevis  before  the  nerve  pierces  the  deep  fascia. 

Cutaneous  branches  pass  from  the  trunk  of  the  nerve  to  the  skin  of  the  lower 
part  of  the  front  of  the  leg. 

The  internal  cruciate  branch,  the  medial  dorsal  cutaneous,  passes  downwards 
and  inwards  across  the  upper  and  lower  bands  of  the  dorsal  digital  (anterior  annular) 
ligament  of  the  ankle  and  subdivides  into  two  branches.  The  inner  branch  passes  to 
the  inner  side  of  the  great  toe;  it  also  supplies  twigs  to  the  skin  of  the  inner  side  of  the 
foot,  and  it  anastomoses  with  the  deep  saphenous  nerve  and  with  the  internal  ter- 
minal branch  of  the  deep  peroneal  (anterior  tibial)  nerve.  The  outer  branch  passes 
to  the  base  of  the  cleft  between  the  second  and  third  toes  and  divides  into  two 
dorsal  digital  branches  which  supply  the  adjacent  sides  of  the  cleft. 

The  external  branch  (intermediate  dorsal  cutaneous),  in  separating  from 
the  internal  branch,  crosses  in  front  of  the  upper  and  lower  bands  of  the  cruciate 
ligament  and  divides  into  two  dorsal  digital  branches,  which  pass  beneath  the  dorsal 
venous  arch.  The  inner  of  these  branches  supplies  the  adjacent  sides  of  the  third 
and  fourth  toes  (fig.  697).  The  outer  branch  communicates  with  the  sural  (external 
saphenous)  nerve  and  is  distributed  to  the  adjacent  sides  of  the  fourth  and  fifth 
toes.    This  latter  branch  is  frequently  replaced  by  the  sural  nerve. 

The  deep  peroneal  (anterior  tibial)  nerve  springs  from  the  end  of  the  common 
peroneal  (external  popliteal)  nerve  between  the  peroneus  longus  muscle  and  the  neck 
of  the  fibula.  It  passes  forwards  and  inwards  through  the  upper  part  of  the  origin  of 
the  extensor  digitorum  longus,  to  the  interval  between  that  muscle  and  the  tibialis 
anterior;  then  it  descends,  in  the  anterior  compartment  of  the  leg,  to  the  ankle, 
where  it  divides  into  an  inner  and  an  outer  terminal  branch  (fig.  697) .  In  the  upper 
part  of  the  leg  the  nerve  lies  between  the  extensor  digitorum  longus  and  tibialis 
anterior  and  to  the  outer  side  of  the  anterior  tibial  artery.  In  the  middle  of  the  leg 
it  is  in  front  of  the  artery  and  between  the  extensor  hallucis  longus  and  tibialis  an- 
terior; then  it  crosses  beneath  the  extensor  hallucis,  and  in  the  lower  third  of  the  leg 
it  is  again  to  the  outer  side  of  the  artery,  but  between  the  extensor  hallucis  longus  and 
the  extensor  digitorum  longus. 

Branches  furnished  from  the  trunk  of  the  nerve  are  muscular,  articular,  and 
terminal. 

The  muscular  branches  supply  the  tibialis  anterior,  extensor  digitorum  longus, 
extensor  hallucis  longus,  and  peroneus  tertius. 

Articular  filaments  are  given  to  the  ankle-joint  and  the  inferior  tibio-fibular 
articulation. 

Terminal  branches. — The  inner  terminal  branch  passes  downwards  along  the 
side  of  the  dorsalis  pedis  artery  and  divides  into  two  dorsal  digital  branches  which 
supply  the  adjacent  sides  of  the  first  and  second  toes.  It  also  gives  filaments  to  the 
periosteum  of  the  adjacent  bones,  to  the  metatarso-phalangeal  and  interphalangeal 
articulations,  a  twig  to  the  dorsal  interosseous  muscle  of  the  first  space,  and  a  per- 
forating twig  which  communicates  with  the  lateral  plantar  nerve. 

The  outer  terminal  branch  passes  outwards,  beneath  the  extensor  digitorum 
brevis,  and  it  ends  in  a  gangliform  enlargement  from  which  branches  are  distributed 
to  the  extensor  digitorum  brevis,  the  tarsal  joints,  and  to  the  three  outer  inter- 
metatarsal  spaces.  The  latter  branches  supply  the  neighbouring  bones,  periosteum, 
and  joints.  They  give  off  perforating  twigs,  which  pass  through  the  spaces  and 
anastomose  with  branches  of  the  lateral  plantar  nerve,  and  the  innermost  also  gives 
a  twig  to  the  second  dorsal  interosseous  muscle. 
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Table  Showing  Ordinary  Relations  of  Lumbar  and  Sacral  Nerves  to 
Branches  of  Lumbar  and  Sacral  Plexuses  and  to  the  Pudic  Nerve 
Nerves  Contributing.  Nerves. 
T  r  Ilio-hypogastric 

  \  Ilio-inguinal 

1  and  2  L   Genito-femoral 

1  2,  and  3  L   Lateral  cutaneous 

_  „      j  ,  T  i  Femoral 

2>3>and4L I  Obturator 

4  5  L.,  and  1  S   '  Superior  gluteal 

I  Nerve  to  quadrat  us  femoris 

4,  5  L.,  1  and  2  S   Sciatic  (peroneal  part) 

4,  5  L.,  1,  2,  and  3  S   Sciatic  (tibial  part) 

5L,  land2S   /  Inferior  gluteal 

I  Nerve  to  obturator  internus 

1  and  2  S   Nerve  to  piriformis 

2  and  3  S   Medial  inferior  clunial 

1,  2,  and  3  S   Posterior  femoral  cutaneous 

2,  3,  and  4  S   Pudic 


Table  Showing  Relations  of  Muscles  of  Lower  Extremity  to  Nerves  of 

Lumbar  and  Sacral  Plexuses 
Muscles. 
Ilio-psoas 
Sartorius 
Pectineus 
Adductor  longus 
Gracilis 

Adductor  brevis 


Nerves  Contributing. 
2  and  3  L  

2,  3,  and  4  L  


4,  5  L.,  and  IS. 


5  L.,  and  1  S. 


3  and  4  L   (  Quadriceps  femoris 

I  Obturator  externus 

3.4,  and  5  L   Adductor  magnus 

Gluteus  medius 

"  minimus 
Tensor  fasc.  latse 
Semimembranosus 
Plantaris 
Popliteus 
I  Quadratus  femoris 
t  Inferior  gemellus 
Flex,  digit,  long. 
Tibialis  posterior 
Flexor  digit,  brev. 

"      hallucis  brev. 
Abductor  hallucis 
First  lumbrical 
'  Superior  gemellus 
Obturator  internus 
Gluteus  maximus 
Semitendinosus 
Soleus 

Flex,  hallucis  long. 
Piriformis 
Gastrocnemius 
I  Flexor  quadratus  plant se 

land2S  \  d[Z[ti 

Plantar  mterossei 

Dorsal  " 

Add.  hallucis  trans. 

obliq. 

1, 2,  and  3  S   Long  head  of  biceps  femoris 


5L.,  land2S. 


Nerves. 
Femoral 


Obturator 


Femoral 
Obturator 

Obturator  and  sciatic 
Superior  gluteal 


Sciatic 
Tibial 

Nerve  to  quad.  fern. 
Tibial 

Posterior  medial 
Plantar 


Nerve  to  obt.  int. 

Inferior  gluteal 

Sciatic 

Tibial 


Tibial 

Lateral  plantar 


Sciatic 
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Table  Showing  Relations  of  Muscles  of  Lower  Extremity  to  Nerves  of 

Lumbar  and  Sacral  Plexuses — (Continued) 
Nerves  Contributing.  Muscles.  Nerves. 

Ext.  hall.  long.  Deep  peroneal 

"  digit.   "  "  " 

"   digit,  brev.  "  " 

4, 5  L.,  and  IS   j  Tibialis  anterior  "  " 

Peroneus  tertius  "  " 

longus  Superficial  peroneal 

"       brevis  "  peroneal 

PUDENDAL  PLEXUS 

The  pudendal  plexus,  like  the  parts  of  the  lumbo-sacral  plexus  already  described, 
varies  in  its  formation.  The  accompanying  tables  show  the  extreme  range  of  varia- 
tion and  the  common  method  of  formation  of  the  large  nerve  of  this  plexus  in  each 
of  the  three  classes. 

COMPOSITION  OF  THE  NERVES  OF  THE  PUDENDAL  PLEXUS 

Range  of  Variation 
Nerve.  Proximal.  Ordinary.  Distal. 

Pudic  nerve   1,2,3,  4,5  S.       1,2,  3,4  S.  2,  3,  4,  5  S. 

Common  Composition 
Nerve.  Proximal.  Ordinary.  Distal. 

Pudic  nerve   2,  3  S.  2,  3,  4  S.  3,  4  S. 

The  pudendal  plexus  is  commonly  formed  by  part  of  the  anterior  divisions  of  the 
second,  third,  and  fourth  sacral  nerves.  It  lies  in  the  lower  part  of  the  back  of  the 
pelvis,  and  gives  off  visceral,  muscular,  and  terminal  branches. 

Visceral  branches  (pelvic  splanchnics)  arise  from  the  third  and  fourth  sacral 
nerves  especially,  and  communicate  with  branches  of  the  sympathetic  plexus. 
They  are  distributed  either  directly  or  through  this  plexus  to  the  pelvic  viscera  (figs. 
688,  692,  693).  The  middle  hsemorrhoidal  nerves  pass  to  the  rectum,  the  inferior 
vesical  nerves  to  the  bladder,  and,  in  the  female,  the  vaginal  nerves  to  the  vagina 
(see  Sympathetic  System). 

Muscular  branches  are  given  by  the  fourth  sacral  nerve  to  the  coccygeus,  levator 
ani,  and  sphincter  ani  externus  (figs.  688,  692). 

The  nerves  to  the  two  former  muscles  pass  into  the  pelvic  surfaces  of  the  muscles, 
but  that  to  the  last  named  muscle,  called  the  perineal  branch,  passes  backwards  be- 
tween the  levator  ani  and  the  coccygeus,  or  through  the  posterior  fibres  of  the  latter 
muscle,  into  the  posterior  part  of  the  ischio-rectal  fossa,  and,  in  addition  to  sup- 
plying the  sphincter  ani,  it  gives  cutaneous  filaments  to  the  skin  between  the  anus 
and  the  coccyx. 

Terminal  branches. — The  pudic  nerve  (n.  pudendus)  rises  usually  from  the 
anterior  primary  divisions  of  the  second,  third,  and  fourth  sacral  nerves  (fig.  692). 
It  emerges  from  the  pelvis  below  the  piriformis,  crosses  the  spine  of  the  ischium, 
lying  to  the  inner  side  of  the  internal  pudic  artery  (fig.  693),  and  accompanies  the 
artery,  through  the  small  sciatic  foramen,  into  Alcock's  canal  in  the  obturator  fascia 
on  the  outer  wall  of  the  ischio-rectal  fossa,  where  it  terminates  by  dividing  into  three 
branches,  the  inferior  hsemorrhoidal,  the  perineal,  and  the  dorsal  nerve  of  the  penis. 

The  inferior  haemorrhoidal  nerves  frequently  arise  independently  from  the 
third  and  fourth  sacral  nerves,  pierce  the  inner  wall  of  Alcock's  canal,  and  pass  for- 
wards and  inwards  through  the  ischio-rectal  fat  to  supply  the  sphincter  ani  externus 
and  adjacent  skin.    They  anastomose  with  branches  of  the  perineal  nerve. 

The  perineal  nerve  runs  forwards  for  a  short  distance  in  Alcock's  canal  and 
divides  into  a  deep  and  a  superficial  branch.  The  deep  branch  breaks  up  into  fila- 
ments, one  or  two  of  which  pierce  the  inner  wall  of  the  canal  and  pass  inwards  to 
the  anterior  fibres  of  the  sphincter  and  levator  ani.  The  remaining  part  of  the  nerve 
pierces  the  base  of  the  uro-genital  trigone  (triangular  ligament) ,  and  enters  the  super- 
ficial pouch  of  the  urethral  triangle,  where  it  is  distributed  to  the  bulb  of  the  urethra, 
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and  to  the  transversus  perinei,  bulbocavernosus,  and  ischiocavernosus.  It  also 
sends  some  filaments  to  supply  the  mucous  membrane  of  the  urethra.  The  super- 
ficial branch  almost  at- once  divides  into  external  and  internal  branches,  the  posterior 
scrotal  (labial)  nerves.  Both  branches  pass  through  the  wall  of  Alcock's  canal  into 
the  anterior  part  of  the  ischio-rectal  fossa,  then  they  pierce  the  base  of  the  uro-genital 
trigone,  and  enter  the  superficial  pouch  of  the  urethral  triangle.  The  external 
branch  usually  passes  below  the  transversus  perinei,  and  the  internal  branch  above 
the  muscle  or  through  its  fibres.  The  external  branch  communicates  with  the  long 
pudendal  nerve,  and  with  the  inferior  hemorrhoidal  nerve,  and  both  branches  end 
in  terminal  filaments  which  anastomose  and  which  are  distributed  to  the  skin  of  the 
scrotum  and  the  anterior  part  of  the  perineum  in  the  male,  and  to  the  labium  majus 
in  the  female. 

The  dorsal  nerve  of  the  penis  runs  forwards  in  Alcock's  canal  above  the  internal 
pudic  artery.  It  pierces  the  base  of  the  uro-genital  trigone,  continues  forwards  be- 
tween the  layers  of  the  trigone,  embedded  in  the  fibres  of  the  constrictor  urethrse,  and 
it  gradually  passes  to  the  outer  side  of  the  internal  pudic  artery.  A  short  distance 
below  the  pudic  arch  it  pierces  the  anterior  layer  of  the  uro-genital  trigone,  gives  a 
branch  to  the  corpus  cavernosum  penis,  passes  forwards  between  that  structure  and 
the  bone,-  and  turns  downwards  on  the  dorsum  of  the  penis,  passing  between  the 
layers  of  the  fundiform  (suspensory)  ligament  and  along  the  outer  side  of  the  dorsal 
artery  of  the  penis.  It  supplies  the  skin  of  the  dorsum  of  the  penis,  and,  having 
given  branches  to  the  prepuce,  it  breaks  up  into  terminal  filaments  which  are  dis- 
tributed to  the  glans  penis. 

The  dorsal  nerve  of  the  clitoris  is  much  smaller  than  the  dorsal  nerve  of  the 
penis  to  which  it  corresponds.    It  is  distributed  to  the  clitoris. 

THE  COCCYGEAL  PLEXUS 
This  plexus  is  frequently,  and  with  some  reason,  considered  as  a  subdivision  of 
the  pudendal  plexus,  and  sometimes  it  is  described  with  the  coccygeal  nerves.  It  is 
formed  chiefly  by  the  anterior  division  of  the  fifth  sacral  nerve  and  the  coccygeal 
nerve,  but  it  receives  a  small  filament  from  the  anterior  division  of  the  fourth  sacral 
nerve  (figs.  688,  692,  693).  These  constituents  unite  to  form  plexiform  cords 
lying  on  either  side  of  the  coccyx.  From  these  cords  arise  the  ano-coccygeal 
nerves,  which  pierce  the  sacro-tuberous  (great  sacro-sciatic)  ligament  and  supply 
the  skin  in  the  neighbourhood  of  the  coccyx. 


THE  CRANIAL  NERVES 

Twelve  pairs  of  cranial  nerves  are  usually  recognised,  though  there  is  reason  for 
considering  the  nerves  of  the  seventh  and  eighth  pairs  as  composed  each  of  two 
nerves,  and  the  nerves  of  the  eleventh  pair  as  being  merely  parts  of  the  tenth  pair. 
The  twelve  are  numbered  from  in  front  backwards.  Their  numbers,  corresponding 
names,  and  functional  nature  are  given  in  the  following  table: — 


Numbers.                                              Names.  Nature. 

I  st  Olfactory  sensory 

II  nd  Optic  sensory 

III  rd  Oculomotor  motor 

IV  th  Trochlear  or  patheticus  motor 

V  th  Trigeminal  or  trifacial  mixed 

VI  th  Abducens  motor 

VII  th  Facial  (Facial  and  Intermedius)  mixed 

f  Cochle-  ~j 

VIII  th  Auditory  (Acusticus)  <  y^^u  r  sensory 

[    laris  J 

IX  th  Glosso-pharyngeal  mixed 

X  th  Vagus  or  pneumogastric  mixed 

XI  th  Spinal  accessory  motor 

XII  th  Hypoglossal  motor 
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The  cranial  nerves,  like  the  spinal  nerves,  are  developed  from  cells  of  the  primitive 
neural  tube  and,  beginning  with  the  fifth  pair  downwards,  all  the  sensory  nerves  are 
developed  from  the  cells  of  the  neural  crest  like  the  sensory  components  or  dorsal 
roots  of  the  spinal  nerves.  Otherwise  between  the  cranial  nerves  and  the  spinal 
nerves  there  are  many  important  differences.  Each  spinal  nerve  has  a  dorsal  or 
sensory  root,  which  springs  from  the  cells  of  a  spinal  ganglion;  a  ventral  or  motor 
root,  whose  fibres  are  processes  of  the  nerve-cells  which  are  situated  in  the  walls  of 
the  central  system,  and  at  their  attachment  to  the  surface  of  the  cord  the  two  roots 
are  some  distance  apart.  Only  two  cranial  nerves  correspond  at  all  closely  with 
typical  spinal  nerves;  they  are  the  fifth  and  the  seventh  nerves, each  of  which  possesses 


Fig.  698. — Surface  Attachment  of  the  Cranial  Nerves.     (After  Allen  Thomson, 

modified). 
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a  sensory  ganglionated  and  a  motor  non-ganglionated  root.  But  even  in  these  cases, 
where  the  similarity  between  the  cranial  and  spinal  nerves  is  greatest,  there  are  still 
points  of  difference,  which  if  not  essential  are  very  obvious,  for  in  the  case  of  the 
fifth  cranial  nerve  the  motor  root  unites  not  with  the  whole  but  only  with  one  branch 
of  the  sensory  portion.  In  both  cases  the  motor  and  sensory  roots  are  only  slightly 
separated  from  each  other  at  their  attachment  to  the  surface  of  the  brain.  All  the 
other  cranial  nerves  differ  in  a  still  more  marked  manner  from  typical  spinal  nerves. 
The  first  nerve  is  an  afferent  nerve  whose  cells  of  origin  are  situated  in  the  mucous 
membrane  of  the  nose,  an  organ  of  special  sense,  and  its  fibres  are  not  collected  to- 
gether into  a  nerve-trunk,  but  pass,  as  a  number  of  small  bundles,  through  the  lamina 
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cribrosa  of  the  ethmoid  bone  directly  into  the  olfactory  bulb.  The  second  nerve 
is  also  a  nerve  of  special  sense.  Its  fibres  form  a  very  distinct  bundle,  similar  in 
appearance  to  an  ordinary  nerve,  from  which,  however,  it  differs  essentially,  both 
with  regard  to  structure  and  development;  for,  unlike  an  ordinary  nerve,  its  con- 
nective tissue  consists  to  a  large  extent  of  neuroglia  instead  of  ordinary  connective 
tissue,  and  its  component  nerve-fibres  are  of  much  smaller  calibre  than  those  of  an 
ordinary  nerve.  It  represents  the  location  of  the  original  optic  stalk,  a  diverticulum 
from  the  neural  tube.  The  optic  nerve,  therefore,  corresponds  more  closely  with 
an  association  tract  of  the  central  system  than  with  an  ordinary  nerve. 

The  third,  fourth,  sixth,  and  twelfth  nerves  are  purely  motor  nerves,  and  thus 
correspond  only  with  the  ventral  roots  of  spinal  nerves.  The  eleventh  nerve  is  also 
purely  motor.  Its  fibres  arise  from  the  cells  of  the  anterior  horn  of  the  spinal  cord  and 
from  a  nucleus  of  the  medulla  which  represents  a  displaced  portion  of  that  horn,  but 
they  do  not  leave  the  surface  of  the  spinal  cord  and  brain  in  the  usual  situation  of 
ventral  roots.  On  the  contrary,  they  emerge  in  a  series  of  rootlets  from  the  lateral 
column  of  the  cord  on  the  dorsal  side  of  the  ligamentum  denticulatum,  and  from 
the  upward  prolongation  of  the  postero-lateral  sulcus. 

The  eighth  or  acoustic  nerve  is  a  nerve  of  special  sense,  and  in  some  respects  both 
its  parts  correspond  closely  with  the  dorsal  root  of  a  typical  spinal  nerve,  and  the 
ganglia  of  both  its  parts  represent  spinal  ganglia,  but  its  distribution  is  limited  to 
the  sense  organ. 

The  ninth  and  tenth  nerves  contain  both  motor  and  sensory  fibres,  but  they 
differ  from  typical  spinal  nerves  because  the  motor  fibres,  in  company  with  the  sensory, 
issue  from  the  postero-lateral  sulcus  of  the  medulla,  and  they  are  intimately  inter- 
mingled, from  their  origin,  with  the  sensory  fibres,  which  latter  arise  from  ganglia 
interposed  in  the  nerves  and  otherwise  correspond  with  the  fibres  of  the  dorsal  root 
of  a  typical  spinal  nerve. 

Superficial  Attachments  and  Origins. — It  is  customary  to  speak  of  the  area 
where  the  nerve-fibres  leave  or  enter  the  brain  substance  as  the  superficial  attachment 
of  the  cranial  nerves,  and  the  group  of  cells  from  which  the  fibres  spring  as  their  cells  of 
origin. 

THE  FIRST  PAIR— THE  OLFACTORY  NERVES 

'  The  olfactory  nerve-fibres  are  the  central  processes  of  the  bipolar  olfactory  cells 
situated  in  the  olfactory  region  of  the  mucous  membrane  of  the  septal  and  outer  walls 
of  the  nasal  fossa  above  the  level  of  the  lower  border  of  the  superior  nasal  concha. 
As  the  fibres  pass  upwards  from  their  cells  of  origin  they  form  plexuses  in  the  mucous 
membrane,  and  from  the  upper  parts  of  these  plexuses,  immediately  below  the 
lamina  cribrosa  of  the  ethmoid,  about  twenty  filaments  issue  on  each  side.  These 
filaments  comprise  the  olfactory  nerve.  They  are  non-medullated.  They  pass  up- 
wards, through  the  foramina  in  the  lamina  cribrosa,  into  the  anterior  fossa  of  the 
cranium  in  two  rows,  and  after  piercing  the  dura  mater,  the  arachnoid,  and  the  pia 
mater,  they  enter  the  lower  surface  of  the  olfactory  bulb.  They  pass  through  the 
superficial  stratum  of  nerve-fibres  on  the  inferior  surface  of  the  olfactory  bulb  and 
end  in  the  glomeruli,  which  are  formed  by  the  terminal  ramifications  of  the  olfactory 
nerve-fibres  intermingled  with  the  similar  ramifications  of  the  main  dendrites  of  the 
large  mitral  cells  which  lie  in  the  deeper  part  of  the  grey  substance  of  the  olfactory  bulb. 
The  olfactory  nerve-fibres  are  grey  fibres,  since  they  do  not  possess  medullary 
sheaths,  and  they  are  bound  together  into  nerves  by  connective-tissue  sheaths  de- 
rived from  the  pia  mater,  from  the  subarachnoid  tissue,  and  from  the  dura  mater. 
Prolongations  of  the  subarachnoid  space  pass  outwards  along  the  nerves  for  a  short 
distance. 

Central  Connections. — The  olfactory  impulses  are  transmitted  by  way  of  the  olfactory  nerve- 
fibres  through  the  glomeruli  to  the  mitral  cells,  and  they  are  carried  to  the  cerebrum  by  the 
central  processes  (axones)  of  the  mitral  cells,  which  pass  backwards  along  each  olfactory  tract 
and  its  three  stria?  olfactoria?  (see  Rhinencephalon,  p.  844). 


THE  SECOND  PAIR— THE  OPTIC  NERVES 

The  fibres  of  the  optic  nerve  are  the  central  processes  of  the  ganglion  cells  of 
the  retina.    Within  the  bulbus  oculi  they  converge  to  the  optic  papilla,  where  they  are 
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accumulated  into  a  rounded  bundle,  the  optic  nerve.  The  nerve  thus  formed  pierces 
the  chorioid  and  the  sclerotic  coats,  and,  at  the  back  of  the  bulbus,  enters  the  orbital 
fat,  in  which  it  passes  backwards  and  inwards  to  the  optic  foramen.  After  traversing 
the  foramen  it  enters  the  middle  fossa  of  the  cranium,  and  anastomoses  with  its 
fellow  from  the  opposite  side,  forming  the  optic  chiasma.  It  may,  therefore,  for  de- 
scriptive purposes,  be  divided  into  four  portions — the  intra-ocular,  the  intra-orbital, 
the  intra-osseous,  and  the  intra-cranial.  The  total  length  of  the  nerve  varies  from 
forty-five  to  fifty  millimetres. 

The  intra-ocular  part  is  rather  less  than  one  millimetre  in  length.  It  passes 
backwards  from  the  optic  papilla  through  the  chorioid  and  through  the  sclerotic. 
As  it  passes  through  the  latter  coat  of  the  bulbus  oculi  in  many  separate  bundles, 
the  area  it  traverses  has  a  cribriform  appearance  when  the  nerve  is  removed,  and  con- 
sequently is  known  as  the  lamina  cribrosa  sclerce. 

The  intra-orbital  part  of  the  nerve  emerges  from  the  sclerotic  about  three  milli- 
metres below  and  to  the  median  side  of  the  posterior  pole  of  the  bulbus,  and  it  is 

Fig.  699. — Nerves  of  the  Nasal  Cavity. 
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about  thirty  millimetres  long.  It  passes  backwards  and  medianwards,  surrounded  by 
the  posterior  part  of  the  fascia  bulbi  (Tenon's  capsule)  and  by  the  orbital  fat,  to  the 
optic  foramen.  As  it  runs  backwards  it  is  in  relation  above  with  the  naso-ciliary 
(nasal)  nerve  and  the  ophthalmic  artery  which  pass  obliquely  from  behind  and  out- 
side, forwards  and  inwards  across  the  junction  of  its  posterior  and  middle  thirds,  and 
also  with  the  superior  ophthalmic  vein,  the  superior  rectus  muscle,  and  the  upper 
branch  of  the  oculo-motor  nerve.  Below  it  are  the  inferior  rectus  muscle,  and  the 
inferior  division  of  the  oculo-motor  nerve.  To  its  outer  side,  near  the  posterior  part 
of  the  orbit,  are  the  ophthalmic  artery,  the  ciliary  ganglion,  the  abducens  nerve,  and 
the  external  rectus  muscle.  The  anterior  two-thirds  of  this  portion  of  the  optic 
nerve  are  surrounded  by  the  ciliary  arteries  and  the  ciliary  nerves  and  it  is  pene- 
trated on  its  medial  and  lower  aspect  by  the  central  artery  of  the  retina.  As  it 
enters  the  optic  foramen  to  become  continuous  with  the  intraosseous  part,  it  is  in 
close  relation  with  the  ligaments  of  Lockwood  and  Zinn  (annulus  tendineus  com- 
munis) and  with  the  four  recti  muscles  which  arise  from  them. 

The  intra-osseous  portion  is  from  six  to  seven  millimetres  long.    It  lies  be- 
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tween  the  roots  of  the  small  win?;  of  the  sphenoid  and  the  body  of  that  bone,  and  it  is  in 
relation  below  and  laterally  with  the  ophthalmic  artery. 

The  intra-cranial  portion,  which  is  from  ten  to  twelve  millimetres  long,  runs 
backwards  and  medianwards,  beneath  the  posterior  part  of  the  olfactory  tract,  and 
above  the  ophthalmic  artery,  the  inner  border  of  the  internal  carotid  artery,  and  the 
diaphragma  sellae. 

Central  Connections. — The  central  connections  of  the  fibres  of  the  optic  nerve  have  been 
considered  with  the  optic  chiasma  and  the  optic  tract  (see  p.  829). 

The  Sheaths  of  the  Optic  Nerve. — The  optic  nerve  receives  a  sheath  from 
each  of  the  membranes  of  the  brain,  and  prolongations  of  the  subdural  and  sub- 
arachnoid cavities  also  pass  outwards  along  it  to  the  posterior  part  of  the  sclera 
(fig.  658). 


THE  THIRD  PAIR— THE  OCULO-MOTOR  NERVES 

The  third  cranial  nerve  or  oculo-motor  is  a  purely  motor  nerve.  Each  supplies 
seven  muscles  connected  with  the  eye,  two  of  which,  the  sphincter  of  the  iris  and  ciliary 
muscle,  are  within  the  bulbus  oculi.  The  remaining  five  are  in  the  orbital  cavity, 
and  four  of  them — the  superior,  inferior,  and  internal  recti  and  the  inferior  oblique — 
are  attached  to  the  bulbus,  while  the  fifth,  the  levator  palpebrse  superioris,  is  inserted 
into  the  upper  eyelid. 

The  fibres  of  each  third  nerve  spring  from  their  nucleus  of  origin  situated  in  the  grey 
substance  of  the  floor  of  the  aquseductus  cerebri  in  the  region  of  the  superior  quadri- 
geminate  body  (fig.  611) .  The  cells  of  this  nucleus  are  divided  into  two  main  groups,  a 
superior  and  an  inferior  (fig.  612).  The  superior  group  includes  two  nuclei,  a  medial 
and  a  lateral.  The  latter,  besides  being  lateral,  is  also  somewhat  dorsal  to  the  former. 
The  inferior  group  has  been  divided  into  six  secondary  nuclei,  according  to  the  eye- 
muscles  the  cells  of  each  group  innervate.  Two  of  the  six  lie  lateral  to  the  others  and 
somewhat  dorsally,  and  of  the  remaining  four,  which  are  placed  more  medially,  one 
lies  in  the  mid-line  (nucleus  medialis)  and  is  common  to  the  oculo-motor  nerves  of  both 
sides. 

It  has  been  found,  by  the  study  of  diseased  conditions  and  by  experiments  with 
animals,  that  the  centres  of  innervation  of  the  eye-muscles  supplied  by  the  nerve 
correspond  to  the  above  divisions  of  both  the  superior  and  inferior  group  of  cells  into  a 
medial  and  lateral  series.  The  relative  position  of  the  divisions  of  each  group  and 
the  muscles  they  are  thought  to  innervate  are  shown  in  the  following  diagram 
devised  by  Starr: — : 
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As  they  leave  the  nucleus  the  fibres  of  the  oculo-motor  nerve  form  a  series  of 
fasciculi  which  curve  ventrally  through  the  red  nucleus  and  the  medial  part  of  the 
substantia  nigra,  to  the  oculo-motor  sulcus  on  the  inner  surface  of  the  cerebral 
peduncle,  where  they  emerge  in  from  six  to  fifteen  small  bundles  which  pierce  the  pia 
mater  and  collect  into  the  trunk  of  the  nerve.  Immediately  after  its  formation  along 
the  oculo-motor  sulcus,  the  trunk  of  the  nerve  passes  between  the  posterior  cerebral 
and  the  superior  cerebellar  arteries,  and,  running  downwards,  forwards,  and  laterally 
in  the  posterior  part  of  the  cisterna  basalis,  it  crosses  the  anterior  part  of  the  attached 
border  of  the  tentorium  cerebelli  at  the  side  of  the  dorsum  sellse,  and,  piercing  the 
arachnoid  and  the  inner  layer  of  the  dura  mater,  it  enters  the  wall  of  the  cavernous 
sinus  about  midway  between  the  anterior  and  posterior  clinoid  processes.  Immedi- 
ately after  its  entry  into  the  wall  of  the  sinus  it  lies  at  a  higher  level  than  the  fourth 
nerve,  but  the  latter  soon  crosses  on  its  outer  side  and  gets  above  it,  and  directly 
afterwards  the  third  nerve  divides  into  a  smaller  superior  and  a  larger  inferior  branch 
(fig.  701).  Before  its  division  it  receives  communications  from  the  cavernous  plexus 
of  the  sympathetic  about  the  internal  carotid  artery,  and  from  the  ophthalmic 
division  of  the  fifth  nerve.  Both  branches  proceed  forwards,  and  the  nasal 
branch  of  the  fifth  nerve,  which  has  passed  upwards,  on  the  outer  side  of  the 
inferior  branch  of  the  third  nerve,  lies  between  them.  At  the  anterior  end  of  the 
cavernous  sinus  the  two  branches  pass  through  the  superior  orbital  (sphenoidal) 
fissure,  between  the  heads  of  the  external  rectus  muscle,  and  enter  the  orbital 
cavity.  In  the  orbit,  the  superior  branch  lies  between  the  superior  rectus  and  the 
optic  nerve;  it  supplies  the  superior  rectus  and  then  turns  round  the  inner  border  of 
that  muscle  and  terminates  in  the  levator  palpebrse  superioris.  The  inferior  branch 
runs  forwards,  beneath  the  optic  nerve,  and  divides  into  three  branches  which  supply 
the  inferior  and  internal  recti  and  the  inferior  oblique.  The  branch  to  the  inferior 
oblique  muscle  is  connected  with  the  ciliary  ganglion  by  a  short  thick  offset,  the  short 
root  of  the  ciliary  ganglion,  by  mediation  of  which  the  oculo-motor  nerve  sends  im- 
pulses to  the  ciliary  muscle  and  the  sphincter  muscle  of  the  iris.  The  inferior  branch 
also  gives  some  small  twigs  to  the  inferior  rectus.  The  branches  of  the  third  nerve 
which  supply  the  recti  muscles  enter  the  muscles  on  their  ocular  surfaces,  but  the 
branch  to  the  inferior  oblique  muscle  enters  the  posterior  border  of  that  muscle. 

Some  of  the  fibres  which  spring  from  the  medial  portion  of  the  oculo-motor  nucleus  do  not 
pass  into  the  nerve  of  the  same  side,  but  into  that  of  the  opposite  side,  and  it  is  believed  that 
they  are  distributed  to  the  opposite  internal  rectus  muscle.  Other  fibres  which  arise  from  the 
nucleus  descend  in  the  medial  longitudinal  fasciculus  and  either  terminate  about  the  cells  of  the 
nucleus  of  the  facial  or  join  the  facial  nerve,  in  which  they  pass  to  the  upper  part  of  the  orbicularis 
oculi. 

Central  Connections. — The  nucleus  of  the  third  nerve  is  associated  with  the  anterior  portion 
of  the  soma?sthetic  area  and  with  the  cortex  about  the  visual  area  of  the  occipital  lobe  of  the 
opposite  side  of  the  brain  by  the  pyramidal  fibres.  It  is  probably  associated  with  the  cerebellum 
by  the  fibres  of  the  superior  cerebellar  peduncles,  and  with  the  sensory  nuclei  of  the  other 
cranial  nerves  by  the  medial  longitudinal  fasciculus. 


THE  FOURTH  PAIR— THE  TROCHLEAR  NERVES 

The  fibres  of  each  fourth  or  trochlear  nerve  spring  from  the  cells  of  a  nucleus  which 
lies  in  the  grey  substance  of  the  floor  of  the  aquseductus  cerebri  in  line  with  the 
oculo-motor  nucleus,  but  in  the  region  of  the  inferior  quadrigeminate  bodies.  As  the 
fibres  pass  from  their  origins  they  run  ventrally  and  laterally  in  the  substance  of  the 
tegmentum  for  a  short  distance,  then  they  curve  medianwards  and  dorsalwards,  and, 
in  passing  through  the  anterior  end  of  the  superior  medullary  velum  they  decussate 
totally  with  the  fibres  of  the  fourth  nerve  of  the  opposite  side.  After  the  decussation 
the  fibres  emerge  from  the  surface  of  the  superior  medullary  velum,  at  the  side  of  the 
frenulum  veli,  usually  in  two  small  bundles,  which  pierce  the  pia  mater  and  join 
together  to  form  the  slender  trunk  of  the  nerve.  This  trunk  curves  forwards  and 
ventralwards  to  the  base  of  the  brain  around  the  sides  of  the  superior  peduncle  of  the 
cerebellum  and  cerebral  peduncle  of  the  side  opposite  to  that  in  which  the  nerve 
originates,  running  parallel  with  and  between  the  superior  cerebellar  and  posterior 
cerebral  arteries.  As  it  reaches  the  base  of  the  brain  behind  the  optic  tract  the 
nerve  enters  the  cisterna  basalis,  in  which  it  runs  forwards,  immediately  beneath  or' 
piercing  the  free  border  of  the  tentorium  cerebelli,  to  the  superior  border  of  the 
petrous  portion  of  the  temporal  bone,  where  it  pierces  the  arachnoid  and  the  dura 
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mater  and  enters  the  posterior  end  of  the  outer  wall  of  the  cavernous  sinus.  In  the 
wall  of  the  cavernous  sinus  it  forms  communications  with  the  cavernous  plexus 
of  the  sympathetic  and  by  a  small  filament  with  the  ophthalmic  division  of  the 
fifth  nerve.  It  gradually  ascends,  as  it  passes  forwards  in  the  outer  wall  of  the 
sinus,  and,  beyond  the  middle  of  the  sinus,  it  crosses  the  outer  side  of  the  trunk  of 
the  oculo-motor  nerve  and  gains  a  higher  position.  At  the  anterior  end  of  the  sinus 
the  nerve  enters  the  orbit  above  the  external  rectus  and  immediately  turns  inwards 
between  the  periosteum  of  the  roof  and  the  levator  palpebrae  superioris.  At  the 
inner  border  of  the  roof  of  the  orbit  it  turns  forwards  to  its  termination,  and  enters 
the  orbital  or  superior  surface  of  the  superior  oblique  muscle  to  which  its  fibres  are 
distributed. 


The  Central  Connections  of  the  nucleus  of  the  trochlear  nerve  are  similar  to  those  of  the 
oculo-motor  save  that  its  cells  probably  do  not  send  fibres  which  connect  with  the  facial  nerve. 

The  trochlear  is  peculiar  in  that — (1)  it  is  the  smallest  of  the  cranial  nerves;  (2)  it  is  the 
only  nerve  having  its  superficial  attachment  upon  the  dorsal  aspect  of  the  encephalon;  (3)  it 
is  the  only  cranial  nerve  whose  fibres  undergo  a  total  decussation,  and  (4)  in  that  it  terminates 
in  a  muscle  of  the  side  of  the  body  opposite  that  in  which  it  has  its  origin.  Gaskell  has  suggested 
that  this  latter  condition  has  probably  been  brought  about,  phylogenetically,  by  the  transference 
of  the  muscles  which  have  carried  their  nerves  with  them. 


THE  FIFTH  PAIR— THE  TRIGEMINAL  NERVES 

Each  fifth  or  trigeminus  nerve  is  the  largest  of  the  cranial  nerves  with  the  exception 
of  the  optic,  and  it  possesses  both  a  sensory  and  a  motor  root.  The  fibres  of  the  sen- 
sory root  spring  from  the  cells  of  the  semilunar  (Gasserian)  ganglion,  which  cor- 
responds with  the  ganglion  on  the  dorsal  root  of  a  spinal  nerve,  and  those  of  the 
motor  root  issue  from  the  side  of  the  pons,  close  by  the  side  of  the  entering  fibres  of 
the  sensory  root. 

The  semilunar  (Gasserian)  ganglion  is  a  semilunar  mass  which  lies  in  Meckel's 
cave,  a  cleft  in  the  dura  mater  above  a  depression  in  the  inner  part  of  the  upper  surface 
of  the  petrous  portion  of  the  temporal  bone.  The  convexity  of  the  ganglion  is  turned 
forwards,  and  from  it  three  large  nerves,  the  ophthalmic,  the  maxillary,  and  the 
mandibular,  are  given  off.  From  the  concavity,  which  is  directed  backwards,  springs 
the  sensory  or  afferent  root  of  the  fifth  nerve.  The  inner  end  of  the  ganglion  is  in 
close  relation  with  the  cavernous  sinus  and  the  internal  carotid  artery  at  the  foramen 
lacerum,  and  the  outer  end  lies  to  the  inner  side  of  the  foramen  ovale.  The  surfaces 
of  the  ganglion  are  striated,  due  to  bundles  of  fibres  traversing  them.    The  upper 
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surface  is  separated  by  the  dura  mater  from  the  temporal  lobe  of  the  brain,  and  the 
lower  rests  upon  the  motor  root  of  the  fifth  nerve  and  the  outer  layer  of  dura  mater 
upon  the  petrous  portion  of  the  temporal  bone. 

The  sensory  root  (portio  major). — The  fibres  of  the  sensory  root,  as  they  leave 
the  semilunar  (Gasserian)  ganglion,  form  from  thirty  to  forty  fasciculi  which  are 
bound  together  into  a  flat  band,  from  six  to  seven  millimetres  broad,  which  passes 
backwards  over  the  upper  border  of  the  petrous  portion  of  the  temporal  bone  and 
below  the  superior  petrosal  sinus  into  the  posterior  fossa  of  the  cranium.  In  the 
posterior  fossa  it  runs  backwards,  medianwards,  and  downwards,  and  passes  into 
the  pons  through  its  continuation  into  the  middle  of  the  cerebellum.  In  the  teg- 
mentum of  the  pons  region,  the  fibres  bifurcate  into  ascending  and  descending 
branches  which  terminate  about  the  cells  of  the  (sensory)  nucleus  of  termination  of 
the  trigeminus.  This  nucleus,  large  at  the  level  of  the  entrance  of  the  root,  has  a 
tapering  inferior  extremity  which  descends  as  low  as  the  upper  portion  of  the  spinal 
cord  and  the  fibres  of  the  root  terminating  about  the  cells  of  this  extremity  are 
known  as  the  spinal  tract  of  the  trigeminus. 

The  motor  root  (portio  minor). — The  fibres  of  the  motor  root  of  the  fifth  nerve 
spring  from  two  nuclei,  a  slender  upper  or  mesencephalic  nucleus,  and  a  clustered 
lower  or  principal  nucleus.  The  fibres  arising  in  the  mesencephalic  nucleus  descend 
along  the  lateral  aspect  of  the  nucleus  to  the  pons  as  the  descending  or  mesencephalic 
root;  here  they  join  the  fibres  from  the  principal  motor  nucleus  and  issue  with  them 
from  the  side  of  the  pons  in  from  six  to  ten  fasciculi.  The  fasciculi  blend  to  form  the 
motor  root,  which  is  from  one  and  a  half  to  two  millimetres  broad.  At  the  point 
where  it  emerges  from  the  pons  the  motor  root  is  in  front  of  and  ventral  to  the  sen- 
sory root,  and  it  is  separated  from  the  latter  by  a  few  of  the  transverse  fibres  of  the 
pons  which  constitute  the  lingula  of  Wrisberg.  From  its  superficial  attachment 
the  motor  root  passes  upwards,  lateralwards,  and  forwards  in  the  posterior  fossa  of 
the  cranium,  and  along  the  inner  and  anterior  aspect  of  the  sensory  root,  to  the 
mouth  of  Meckel's  cave.  In  this  cavity  it  runs  lateralwards  below  the  semilunar 
(Gasserian)  ganglion  to  the  foramen  ovale,  through  which  it  passes  to  join  the  mandi- 
bular nerve  immediately  below  the  base  of  the  skull. 

Central  Connections. — The  motor  nuclei  of  the  fifth  nerve  are  connected  with  the  lower 
part  of  the  soma?sthetic  area  of  the  cerebral  cortex  of  the  opposite  side  by  the  genicular  bundle  of 
pyramidal  fibres,  and  they  are  associated  with  the  sensory  nuclei  of  other  cranial  nerves  by  the 
medial  longitudinal  fasciculus.  The  sensory  nuclei  are  connected  with  the  soma?sthetic  area  of  the 
cortex  by  the  fibres  of  the  medial  lemniscus  (fillet)  and  with  the  motor  nuclei  of  other  cranial 
nerves  by  the  medial  longitudinal  fasciculus.  (For  detailed  central  connections  see  pages  808, 
810.) 

THE  BRANCHES  OF  THE  TRIGEMINUS 
(1)  The  Ophthalmic  Nerve 

The  ophthalmic  nerve  is  exclusively  sensory,  and  is  the  smallest  of  the  three 
branches  which  arise  from  the  semilunar  (Gasserian)  ganglion.  It  springs  from  the 
inner  part  of  the  front  of  the  ganglion  and  passes  forwards,  in  the  outer  wall  of  the 
cavernous  sinus,  where  it  lies  below  the  fourth  nerve  and  to  the  outer  side  of  the 
sixth  nerve  and  the  internal  carotid  artery  (fig.  701).  A  short  distance  behind  the 
superior  orbital  (sphenoidal)  fissure  the  nerve  divides  into  three  terminal  branches — 
the  frontal,  lachrymal,  and  naso-ciliary  (nasal)  nerves.  They  pierce  the  dura  mater, 
which  closes  the  fissure,  and  pass  forwards  into  the  orbit.  Before  its  division  the  oph- 
thalmic nerve  receives  communicating  filaments  from  the  cavernous  plexus  of  the 
sympathetic  and  it  gives  off,  soon  after  its  origin,  a  tentorial  (recurrent  meningeal) 
branch  which  runs  backwards,  in  close  association  with  the  fourth  nerve,  and  ramifies 
between  the  layers  of  the  tentorium  cerebelli.  Further  forwards  three  communica- 
ting branches  spring  from  the  ophthalmic  nerve  and  connect  it  with  the  third,  fourth, 
and  sixth  nerves. 

The  Terminal  Branches. — (a)  The  Frontal  Nerve  is  the  largest  terminal  branch. 
It  pierces  the  dura  mater  and  passes  into  the  orbit  through  the  superior  orbital 
(sphenoidal)  fissure,  above  the  rectus  lateralis  and  a  little  below  and  to  the  outer  side 
of  the  fourth  nerve.  In  the  orbit  it  runs  forwards,  between  the  levator  palpebral  supe- 
rioris  and  the  periosteum,  and  breaks  up  into  three  branches,  the  supra-orbital, 
frontal  proper,  and  supratrochlear. 
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The  supra-orbital  nerve,  the  largest  of  the  three  branches,  leaves  the  orbit  at 
the  supra-orbital  notch  (fig.  701).  As  it  passes  through  the  notch  it  gives  off  a  small 
branch  which  enters  the  bone  and  supplies  the  diploe  and  t  he  mucous  membrane  of  the 
frontal  sinus.  Its  terminal  branches  give  twigs  to  the  pericranium  and  to  the  skin 
of  the  scalp,  the  upper  eyelid,  the  frontal  region,  and  the  parietal  region  almost  as  far 
as  the  lambdoid  suture  (fig.  705).  One  branch  running  at  the  upper  margin  of  the 
orbital  cavity  unites  with  a  branch  of  the  facial  nerve. 

The  frontal  branch,  given  off  at  a  variable  point,  lies  internal  to  the  supra- 
orbital, passes  through  the  frontal  foramen,  and  is  distributed  to  the  skin  of  the  fore- 
head and  upper  eyelid  (fig.  701). 

The  supratrochlear  branch  runs  forwards  and  inwards  towards  the  upper  and 
inner  angle  of  the  orbit,  where  it  passes  above  the  pulley  of  the  superior  oblique 
muscle,  pierces  the  palpebral  fascia,  and  ascends  to  the  lower  and  middle  part  of 
the  forehead,  accompanied  by  the  frontal  artery  (fig.  701).    Before  it  leaves  the 


Fig.  701. — Nerves  of  the  Orbit  from  Above  and  Behind.  (Schematic.) 
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orbit  it  sends  a  branch  downwards  behind  or  in  front  of  the  pulley  of  the  obliquus 
superior  to  communicate  with  the  infratrochlear  nerve,  and  as  it  leaves  the  orbit  it 
gives  off  filaments  to  supply  the  skin  and  conjunctiva  of  the  inner  third  of  the  upper 
eyelid.  Its  terminal  branches  pierce  the  orbicularis  and  frontalis,  and,  as  they  pass 
to  the  skin  of  the  forehead,  they  communicate  with  branches  of  the  facial  nerve. 

(6)  The  Lachrymal  Nerve  is  the  smallest  of  the  three  branches  of  the  ophthalmic 
division.  It  passes  through  the  superior  orbital  (sphenoidal)  fissure  external  to  and 
slightly  below  the  frontal  nerve,  and  is  directed  forwards  and  outwards,  along  the 
upper  border  of  the  rectus  lateralis  to  the  lachrymal  gland  (fig.  701).  On  the  lateral 
wall  of  the  orbit  it  receives  a  small  communicating  branch  from  the  zygomatic  nerve 
(the  orbital  branch  of  the  maxillary  nerve).  This  communicating  branch  brings  to 
the  lachrymal  nerve  secretory  fibres  for  the  lachrymal  gland.  A  small  twig  passes  be- 
yond the  gland,  pierces  the  palpebral  fascia,  supplies  filaments  to  the  conjunctiva, 
and  is  then  distributed  to  the  integument  at  the  outer  canthus  of  the  eye  and  to  the 
skin  over  the  external  angular  process. 


966 


THE  NERVOUS  SYSTEM 


(c)  TheNaso-ciliary  (nasal)  Nerve  enters  the  orbit  between  the  two  heads  of  the 
rectus  lateralis  and  between  the  upper  and  lower  divisions  of  the  oculomotor  nerve.  In 
the  orbit  it  lies  at  first  on  the  outer  side  of  the  optic  nerve,  but,  as  it  runs  obliquely  for- 
wards and  inwards  to  the  inner  wall  of  the  orbital  cavity,  it  crosses  above  the  optic 
nerve  and  between  it  and  the  rectus  superior,  and  near  the  border  of  the  rectus  medi- 
alis  it  divides  into  its  two  terminal  branches,  the  infratrochlear  and  anterior  ethmoid 
(fig-  701). 

Its  several  branches  are:  (i)  The  long  root  of  the  ciliary  ganglion  which  is 
given  off  at  the  superior  orbital  (sphenoidal)  fissure.  It  is  a  slender  filament  which 
runs  forwards  on  the  outer  side  of  the  optic  nerve  to  the  upper  and  back  part  of  the 
ganglion  (fig.  701). 

(ii)  The  long  ciliary  nerves,  usually  two  in  number,  which  arise  from  the  naso- 
ciliary nerve  as  the  latter  is  crossing  above  the  optic  nerve.  They  run  forwards,  on 
the  inner  side  of  the  optic  nerve,  pierce  the  sclerotic,  and  are  distributed  with  the 
lower  set  of  short  ciliary  nerves  (fig.  701). 

(hi)  The  posterior  ethmoidal  (spheno-ethmoidal)  branch  springs  from  the 
posterior  border  of  the  naso-ciliary  nerve  near  the  upper  border  of  the  rectus  medialis. 
It  passes  through  the  posterior  ethmoidal  canal  and  is  distributed  to  the  mucous 
membrane  of  the  posterior  ethmoidal  cells  and  the  sphenoidal  sinus. 

(iv)  The  infratrochlear  nerve  passes  forwards  between  the  obliquus  superior  and 
the  rectus  medialis,  and  under  the  pulley  of  the  former  muscle  divides  into  two 
branches: — The  superior  palpebral  branch  helps  to  supply  the  eyelids  and  usually 
anastomoses  with  the  supratrochlear  nerve.  The  inferior  palpebral  branch  is 
distributed  to  the  lachrymal  sac,  the  conjunctiva  and  skin  of  the  inner  part  of 
the  Upper  eyelid,  the  caruncle,  and  the  skin  of  the  upper  part  of  the  side  of  the 
nose. 

(v)  The  anterior  ethmoidal  (distal  part  of  the  nasal)  nerve,  passing  forwards 
and  inwards  between  the  obliquus  superior  and  the  rectus  medialis,  leaves  the  orbit 
through  the  anterior  ethmoidal  foramen,  accompanied  by  the  anterior  ethmoidal 
vessels,  and  enters  into  the  anterior  fossa  of  the  cranium  (fig.  701).  It  then  crosses 
the  lamina  cribrosa  of  the  ethmoid,  lying  outside  the  dura  mater,  which  separates 
it  from  the  olfactory  bulb,  and  descends  into  the  nasal  fossa  through  the  ethmoidal 
fissure,  a  slit-like  aperture  at  the  side  of  the  crista  galli.  In  the  nasal  fossa  it  ter- 
minates by  dividing  into  two  sets  of  anterior  nasal  branches:  the  internal  nasal 
branches  and  the  external  nasal  branch  (fig.  699). 

The  internal  nasal  branches  divide  into  the  medial  nasal  branches  (the 
septal  branches  of  the  nasal  nerve) ,  which  run  downwards  and  forwards  on  the  upper 
and  front  part  of  the  septum,  and  the  lateral  nasal  branches  (the  external  terminal 
branch  of  the  nasal  nerve) ,  which  give  twigs  to  the  anterior  extremities  of  the  supe- 
rior and  middle  nasal  conchse  (turbinated  bones),  and  to  the  mucous  membrane  of  the 
lateral  wall  of  the  nose  (fig.  699). 

The  external  nasal  branch  (the  anterior  terminal  branch  of  the  nasal  nerve) 
runs  downwards  in  a  groove  on  the  inner  surface  of  the  nasal  bone.  It  pierces  the 
wall  of  the  nose  between  the  nasal  bone  and  the  upper  lateral  cartilage,  and  supplies 
the  integument  of  the  lower  part  of  the  dorsum  of  the  nose  as  far  as  the  tip. 

(2)  The  Maxillaey  Nerve  or  Second  Division  of  the  Trigeminus 

The  maxillary  nerve  is  entirely  sensory  in  function  and  it  is  intermediate  in  size 
between  the  ophthalmic  and  mandibular  nerves. 

It  springs  from  the  middle  of  the  anterior  border  of  the  semilunar  (Gasserian) 
ganglion  and  runs  forwards  in  the  lower  and  outer  part  of  the  lateral  wall  of  the 
cavernous  sinus  (fig.  702).  Leaving  the  middle  fossa  of  the  cranium,  by  passing 
through  the  foramen  rotundum,  it  enters  the  pterygo-palatine  (spheno-maxillary)  fossa 
(fig.  707),  where  it  is  connected  with  the  spheno-palatine  ganglion;  then,  changing  its 
name,  it  passes  forwards,  as  the  infra-orbital  nerve,  through  the  inferior  orbital 
(spheno-maxillary)  fissure  into  the  infra-orbital  sulcus  in  the  floor  of  the  orbit;  con- 
tinuing forwards  it  traverses  the  infra-orbital  canal  accompanied  by  the  infra-orbital 
artery,  and  appears  in  the  face,  beneath  the  quadratus  (levator)  labii  superioris  and 
above  the  caninus  (levator  anguli  oris),  where  it  divides  into  four  sets  of  terminal 
branches  which  anastomose  more  or  less  freely  with  branches  of  the  facial  nerve  to 
form  the  infra-orbital  plexus. 
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Branches. — The  branches  of  the  maxillary  nerve  are — (a)  branches  given  off 
in  the  middle  fossa  of  the  cranium ;  (6)  branches  given  off  in  the  pterygo-palatine 
(spheno-maxillary)  fossa;  (c)  branches  given  off  in  the  infra-orbital  sulcus  and 
canal;  and  (d)  terminal  branches. 

(a)  The  middle  (recurrent)  meningeal  branch,  given  off  in  the  middle  fossa 
of  the  cranium,  breaks  up  into  numerous  branches  which  supply  the  dura  mater, 
reinforce  the  sympathetic  plexus  on  the  middle  meningeal  artery,  and  anastomose 
with  the  spinous  nerve  (the  recurrent  branch  of  the  mandibular  nerve) . 

(b)  The  branches  given  off  in  the  pterygo-palatine  (spheno-maxillary)  fossa  are 
the  spheno-palatine  nerves,  the  zygomatic  branch,  and  the  posterior  superior  alveolar 
nerves. 

The  spheno-palatine  branches,  one,  two,  or  three  branches,  pass  downwards  in 
the  pterygo-palatine  fossa  and  give  a  small  part  of  their  fibres  to  the  spheno-pala- 
tine (Meckel's)  ganglion  (fig.  702),  the  larger  part  of  their  fibres  passing  to  the 
orbital,  nasal,  and  palatine  branches  of  the  ganglion.  (See  Spheno-palatine 
Ganglion,  p.  972.) 

Fig.  702. — Maxillary  Nerve  seen  from  Without. 


MANDIBULAR  OPHTHALMIC    MAXILLARY  ZYGOMATIC 


SUPERIOR  MEDIAL  ALEVOLAR  BRANCH 

The  zygomatic  (orbital  or  temporo-malar)  branch,  given  off  from  the  upper 
surface  of  the  maxillary  nerve,  passes  forwards  and  lateralwards,  and,  at  the  end  of  the 
inferior  orbital  (spheno-maxillary)  fissure,  passes  through  it  into  the  orbit  and  divides 
into  two  branches,  facial  and  temporal. 

The  zygomatico-facial  (malar)  branch  runs  forwards,  passes  through  a  zygo- 
matico-orbital  foramen,  then  through  the  zygomatico-facial  (malar)  foramen, 
pierces  the  orbicularis  oculi,  communicates  with  the  zygomatic  (malar)  branch  of  the 
seventh  nerve,  and  supplies  the  skin  of  the  prominence  of  the  cheek.  The  zygo- 
matico-temporal  (temporal)  branch  runs  upwards  in  a  groove  in  the  outer  wall  of 
the  orbit,  passes  through  a  zygomatico-orbital  foramen,  then  through  the  zygomatico- 
temporal (spheno-malar)  foramen,  and  enters  the  temporal  fossa.  It  turns  around  the 
anterior  border  of  the  temporal  muscle,  pierces  the  deep  layer  of  the  temporal  fascia, 
and  runs  backwards  for  a  short  distance  in  the  fat  between  the  superficial  and  deep 
lamellae,  then,  turning  outwards,  it  pierces  the  superficial  lamellae  about  an  inch 
above  the  zygoma,  anastomoses  with  the  temporal  branch  of  the  facial  nerve,  and 
supplies  the  skin  of  the  anterior  part  of  the  temporal  region. 

Three  sets  of  superior  alveolar  nerves  arise  from  the  maxillary  and  the  infra- 
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orbital  nerves,  namely,  the  posterior  superior  alveolar  branches,  the  middle  superior 
alveolar  branch,  and  the  anterior  superior  alveolar  branches. 

The  posterior  superior  alveolar  (dental)  nerves  are  usually  two  in  number,  but 
sometimes  arise  by  a  single  trunk.  They  pass  downwards  and  outwards  through  the 
pterygo-maxillary  fissure  into  the  zygomatic  fossa,  where  they  give  branches  to  the 
mucous  membrane  of  the  gums  and  the  posterior  part  of  the  mouth ;  then  they  enter 
the  posterior  alveolar  (dental)  canals  and  unite  with  the  other  alveolar  branches  to 
form  the  superior  dental  plexus,  through  which  they  give  branches  to  the  roots  of  the 
molar  teeth  and  to  the  mucous  membrane  of  the  maxillary  sinus  (fig.  702). 

(c)  The  branches  given  off  in  the  infra-orbital  sulcus  and  canal  are  the  middle  and 
anterior  superior  alveolar  (dental)  nerves. 

The  middle  superior  alveolar  (dental)  nerve  leaves  the  infra-orbital  nerve  in 
the  posterior  part  of  the  infra-orbital  sulcus,  and,  passing  downwards  and  forwards 
in  a  canal  in  the  maxilla,  it  divides  into  terminal  branches  that  anastomose  with  the 
other  alveolar  branches  to  form  the  superior  dental  plexus.  Through  the  plexus  it 
supplies  the  bicuspid  teeth  and  gives  branches  to  the  mucous  membrane  of  the 
maxillary  sinus  and  also  to  the  gums  (fig.  702). 

The  anterior  superior  alveolar  (dental)  nerve  is  the  largest  of  the  superior 
alveolar  nerves.  It  is  given  off  by  the  infra-orbital  nerve  in  the  anterior  part  of  the 
infra-orbital  canal,  and  passes  downwards  in  a  bony  canal  in  the  anterior  wall  of  the 
maxilla.  After  uniting  with  the  other  alveolar  nerves  to  form  the  superior  dental 
plexus,  it  supplies  the  canines  and  the  incisors  and  gives  branches  to  the  mucous 
membrane  of  the  maxillary  sinus  and  the  gums  (fig.  702).  It  also  gives  off  a  nasal 
branch  which  enters  the  nasal  fossa  through  a  small  foramen,  and  supplies  the 
mucous  membrane  of  the  anterior  part  of  the  inferior  meatus  and  the  adjacent  part 
of  the  floor  of  the  nose. 

The  superior  dental  plexus  is  formed  in  the  bony  alveolar  canals  by  the  three 
superior  alveolar  nerves.  It  is  convex  downwards  and  anastomoses  across  the  mid- 
line with  the  corresponding  plexus  of  the  other  side  (fig.  702)  From  it  arise  the 
superior  dental  branches  supplying  the  roots  of  the  teeth,  superior  gingival 
branches  supplying  the  gums,  and  also  branches  to  the  mucous  membrane  of  the 
maxillary  sinus  and  to  the  bone.  On  the  plexus  are  two  gangliform  enlargements, 
one,  called  the  ganglion  of  Valentine,  situated  at  the  junction  of  the  middle  and  the 
posterior  branches,  and  the  other,  called  the  ganglion  of  Bochdalek,  at  the  junction  of 
the  middle  and  anterior  branches. 

The  infra-orbital  nerve,  that  part  of  the  maxillary  nerve  lying  distal  to  the 
spheno-palatine  ganglion,  enters  the  orbit  through  the  inferior  orbital  (spheno- 
maxillary) fissure,  accompanied  by  the  infra-orbital  artery,  and  with  it  passes  through 
the  infra-orbital  canal  (fig.  702)  to  the  face,  where  it  divides  into  four  sets  of  terminal 
branches,  some  of  which,  by  anastomoses  with  the  branches  of  the  facial  nerve,  form 
the  infra-orbital  plexus. 

(d)  The  terminal  branches  of  the  maxillary  nerve  are  the  inferior  palpebral,  the 
external  and  internal  nasal  (nasal),  and  the  superior  labial. 

The  inferior  palpebral  branches,  usually  two,  pass  upwards  and  supply  all 
the  skin  and  conjunctiva  of  the  lower  eyelid  (fig.  705). 

The  external  nasal  branches  pass  inwards  under  cover  of  the  quadratus  (levator) 
labii  superioris,  and  supply  the  skin  of  the  posterior  part  of  the  lateral  aspect  of  the 
nose. 

The  internal  nasal  branches  pass  downwards  and  inwards  under  the  lateral 
wall  of  the  nose,  and  then  turn  upwards  to  supply  the  skin  of  the  vestibule  of  the  nose. 

The  superior  labial  branches,  three  or  four  in  number,  as  a  rule  are  larger  than 
the  palpebral  and  nasal  branches.  They  pass  downwards  to  supply  the  skin  and 
mucous  membrane  of  the  upper  lip  and  the  neighbouring  part  of  the  cheek. 

The  Mandibular  Nerve  or  Third  Division  of  the  Trigeminus 

The  mandibular  division  is  the  largest  of  the  three  divisions  of  the  fifth  nerve 
(figs.  703  and  705).  It  is  formed  by  the  union  of  two  distinct  parts,  namely,  the  en- 
tire motor  root  of  the  fifth  nerve  and  a  large  bundle  of  sensory  fibres  derived  from  the 
semilunar  (Gasserian)  ganglion.  These  two  parts  pass  through  the  foramen  ovale 
and  unite  immediately  outside  the  skull  to  form  a  large  trunk  which  almost 
directly  after  its  formation  divides  into  a  small  anterior  and  a  larger  posterior  por- 
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tion.  The  trunk  is  situated  between  the  pterygoideus  externus  externally  and  the 
otic  ganglion  and  the  tensor  palati  internally.  In  front  of  it  is  the  posterior  border 
of  the  pterygoideus  internus,  and  behind  it,  the  middle  meningeal  artery.  Two 
branches  arise  from  the  trunk  of  the  nerve  before  its  division,  namely,  the  spinous 
(recurrent)  nerve  and  the  nerve  to  the  pterygoideus  internus. 

The  spinous  (recurrent)  nerve,  after  receiving  a  filament  from  the  otic  ganglion, 
enters  the  cranium  through  the  foramen  spinosum,  accompanying  the  middle 
meningeal  artery,  and  divides  into  an  anterior  and  a  posterior  branch.  The  anterior 
branch  communicates  with  the  meningeal  branch  of  the  maxillary  division  of  the 
fifth  nerve,  furnishes  filaments  to  the  dura  mater,  and  ends  in  the  osseous  sub- 
stance of  the  great  wing  of  the  sphenoid.  The  posterior  branch  traverses  the  petro- 
squamous suture  and  ends  in  the  lining  membrane  of  the  mastoid  cells. 

The  nerve  to  the  internal  pterygoid  passes  under  cover  of  a  dense  layer  of  fascia 
derived  from  an  expansion  of  the  ligamentum  pterygo-spinosum,  and  enters  the  deep 
surface  of  the  muscle.  Near  its  commencement  this  nerve  furnishes  a  motor  root  to 
the  otic  ganglion,  and  small  branches  to  the  tensor  tympani  and  tensor  palati. 

The  Anterior  Portion  of  the  mandibular  nerve  is  smaller  than  the  posterior  and 
is  chiefly  motor;  it  supplies  the  muscles  of  mastication,  the  temporalis,  masseter,  and 
pterygoideus  externus,  and  gives  off  a  sensory  branch,  the  buccinator  (long  buccal) 
nerve.  The  latter  is  accompanied,  in  the  first  part  of  its  course,  by  a  small  strand 
of  motor  fibres  which  leaves  it  to  end  in  the  anterior  part  of  the  temporal  muscle. 

The  deep  temporal  nerves,  usually  two  in  number,  posterior  and  anterior,  pass 
between  the  bone  and  the  upper  border  of  the  external  pterygoid  muscle,  and  turn 
upwards  around  the  infra-temporal  crest  of  the  sphenoid  bone  to  end  in  the  deep  sur- 
face of  the  temporalis  (fig.  703).  The  posterior  of  the  two  often  arises  in  common 
with  the  masseteric  nerve.  The  anterior  is  frequently  associated  with  the  buccinator 
(long  buccal)  nerve  till  the  latter  has  passed  between  the  two  heads  of  the  pterygoideus 
externus.  There  is  frequently  a  third  branch,  the  medius,  which  passes  outwards 
above  the  pterygoideus  externus,  and  turns  upwards  close  to  the  bone  to  enter  the 
deep  surface  of  that  muscle. 

The  masseteric  nerve,  which  frequently  arises  in  common  with  the  posterior 
deep  temporal  nerves,  passes  between  the  bone  and  the  pterygoideus  externus,  and 
accompanies  the  masseteric  artery  through  the  notch  of  the  mandible  to  be  dis- 
tributed to  the  masseter  (fig.  703).  It  is  easily  traced  through  the  deeper  fibres 
nearly  to  the  anterior  border  of  the  masseter.  As  it  emerges  above  the  pterygoideus 
externus  it  gives  off  a  twig  to  the  temporo-mandibular  articulation. 

The  nerve  to  the  external  pterygoid,  after  a  course  of  about  3  mm.  (an  eighth  of 
an  inch),  divides  into  twigs  which  enter  the  deep  surface  of  the  two  heads  of  the 
muscle.    It  is  usually  adherent  at  its  origin  to  the  long  buccal  nerve. 

The  buccinator  (long  buccal)  nerve,  entirely  sensory,  passes  between  the  two 
heads  of  the  external  pterygoid  muscle  and  runs  downwards  and  forwards  under 
cover  of  or  through  the  anterior  fibres  of  the  temporalis  to  the  cheek  (fig.  703).  As  it 
passes  forwards  it  emerges  from  under  cover  of  the  anterior  border  of  the  masseter 
and  lies  on  the  superficial  surface  of  the  buccinator,  where  it  communicates  with  the 
buccal  branches  of  the  seventh  nerve  and  gives  off  filaments  to  supply  the  superjacent 
skin ;  finally  it  pierces  the  buccinator  and  supplies  the  mucous  membrane  on  its  inner 
surface  as  far  forwards  as  the  angle  of  the  mouth.  The  fibres  of  the  anterior  deep 
temporal  nerve  are  frequently  associated  with  the  buccinator  until  the  latter  has 
passed  between  the  heads  of  the  external  pterygoid;  then  the  anterior  deep  tempo- 
ral nerve  separates  from  the  buccinator  and  passes  upwards  on  the  outer  surface  of 
the  upper  head  of  the  external  pterygoid. 

The  Posterior  Portion  of  the  mandibular  nerve  divides  into  three  large  branches. 
Two  of  these,  the  lingual  and  the  auriculo-temporal  nerves,  are  exclusively  sensory; 
the  third,  the  inferior  alveolar  (dental)  nerve,  contains  a  strand  of  motor  fibres,  the 
mylo-hyoid  nerve. 

The  Lingual  Nerve  is  the  most  anterior  branch  of  the  mandibular  nerve  (figs.  703, 
707) .  It  lies  in  front  and  to  the  inner  side  of  the  inferior  alveolar  (dental)  nerve  and 
descends  at  first  on  the  inner  side  of  the  pterygoideus  externus,  then  between  the 
pterygoideus  internus  and  the  ramus  of  the  mandible  to  the  posterior  part  of  the  mylo- 
hyoid ridge,  where  it  passes  off  the  anterior  border  of  the  pterygoideus  internus;  at 
this  point  it  is  situated  a  short  distance  behind  the  last  molar  tooth  and  is  covered  in 
front  by  the  mucous  membrane  of  the  posterior  part  of  the  mouth.    After  leaving 


970 


THE  NERVOUS  SYSTEM 


the  pterygoideus  internus  it  crosses  the  fibres  of  the  superior  constrictor,  which  arise 
from  the  mandible,  and  turns  forwards  towards  the  tip  of  the  tongue,  crossing  the 
outer  surfaces  of  the  stylo-glossus,  hyo-glossus,  and  genio-glossus.  In  its  course 
across  the  hyo-glossus  it  lies  first  above,  then  to  the  outer  side  of,  and  finally 
below  Wharton's  duct,  and  as  it  ascends  on  the  genio-glossus  it  lies  on  the  inner  side 
of  the  duct. 

Communications  and  Branches. — While  it  is  on  the  inner  side  of  the  pterygoid- 
eus externus,  the  lingual  nerve  is  joined,  at  an  acute  angle,  by  the  chorda  tympani 
(figs.  703,  707),  a  branch  of  the  seventh  nerve,  and  as  it  lies  between  the  ramus  of 
the  mandible  and  the  pterygoideus  internus  it  is  connected  by  a  communicating 
branch  with  the  inferior  alveolar  (dental)  nerve,  and  gives  off  one  or  two  small 
branches,  the  rami  isthmi  faucium,  which  pass  to  the  tonsil  and  the  mucous  mem- 
brane of  the  posterior  part  of  the  mouth  (fig.  707). 

While  it  is  above  the  duct  it  gives  a  branch,  which  contains  many  chorda  tympani 
fibres,  to  the  submaxillary  ganglion  (see  p.  974),  and  it  receives  branches  from 


that  ganglion.  A  little  further  forwards  it  is  connected  by  one  or  two  branches, 
which  run  along  the  anterior  border  of  the  hyo-glossus,  with  the  hypoglossal 
nerve  (fig.  707).  It  then  gives  off  the  sublingual  nerve,  which  runs  forwards 
to  supply  the  sublingual  gland  and  the  neighbouring  mucous  membrane  (fig.  707). 
Its  terminal  (lingual)  branches  pierce  the  muscular  substance  of  the  tongue  and  are 
distributed  to  the  mucous  membrane  of  its  anterior  two-thirds.  They  anastomose 
with  similar  branches  of  the  other  side  and  with  branches  of  the  glosso-pharyngeal 
nerve. 

The  Inferior  Alveolar  (dental)  Nerve  is  the  largest  branch  of  the  posterior 
portion  of  the  mandibular  nerve.  It  commences  on  the  inner  side  of  the  external 
pterygoid  muscle  and  descends  to  the  interval  between  the  spheno-mandibular  liga- 
ment and  the  ramus  of  the  mandible,  where  it  receives  one  or  two  communicating 
branches  from  the  lingual  nerve.  Opposite  the  middle  of  the  inner  surface  of  the 
ramus  it  enters  the  mandibular  (inferior  dental)  canal,  accompanied  by  the  inferior 
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alveolar  (dental)  artery,  which  lies  in  front  of  the  nerve,  and  it  runs  downwards  and 
forwards  through  the  ramus  and  the  body  of  the  mandible  (fig.  703) .  At  the  mental 
foramen  it  divides  into  two  parts,  one  of  which,  the  mental  nerve,  passes  out  through 
the  mental  foramen,  the  other,  commonly  called  the  incisive  branch,  continues  for- 
wards in  the  canal,  and  supplies,  through  the  inferior  dental  plexus,  the  canine  and 
incisor  teeth  and  the  corresponding  regions  of  the  gums. 

Branches. — The  branches  of  the  inferior  alveolar  (dental)  nerve  are  the  mylo- 
hyoid, branches  forming  the  inferior  dental  plexus,  and  the  mental  branch. 

The  mylo-hyoid  branch  is  given  off  immediately  before  the  inferior  alveolar 
(dental)  nerve  enters  the  mandibular  (inferior  dental)  canal.  It  pierces  the  lower  and 
back  part  of  the  spheno-mandibular  ligament  and  runs  downwards  and  forwards  in  the 
mylo-hyoid  groove  between  the  mandible  on  the  outer  side,  and  the  internal  ptery- 
goid muscle  and  the  outer  surface  of  the  submaxillary  gland  on  the  inner  side.  In 
the  anterior  part  of  the  digastric  triangle  it  is  continued  forwards  between  the  an- 
terior part  of  the  submaxillary  gland  and  the  mylo-hyoideus,  and  it  breaks  up  into 
branches  which  supply  the  mylo-hyoideus  and  the  anterior  belly  of  the  digastric 
(fig.  703). 

The  inferior  dental  plexus  is  formed  by  a  series  of  branches  which  communicate 
with  one  another  within  the  bone,  giving  rise  to  a  fine  network.  From  this  plexus 
two  sets  of  branches  are  given  off: — the  inferior  dental  branches,  corresponding  in 
number  to  the  roots  of  the  teeth,  enter  the  minute  foramina  at  the  apices  of  the  roots 
and  end  in  the  pulp ;  the  second  set,  the  inferior  gingival  branches,  supply  the  gums. 

The  mental  nerve  is  a  nerve  of  considerable  size  which  emerges  through  the  mental 
foramen  (fig.  703).  It  communicates,  near  its  exit  from  the  bone,  with  branches  of 
the  facial  nerve,  and  then  divides  into  three  branches.  The  smallest  branch,  turning 
downwards,  divides  into  several  twigs,  the  mental  branches,  which  supply  the  chin. 
The  other  two,  inferior  labial  branches,  pass  upwards,  diverging  as  they  ascend,  and 
divide  into  a  number  of  twigs.  The  stoutest  twigs  ramify  to  the  mucous  mem- 
brane which  lines  the  lower  lip.  Other  twigs  are  distributed  to  the  integument  and 
fascia  of  the  lip  and  chin. 

The  Auriculo-temporal  Nerve  usually  arises  from  the  posterior  portion  of  the 
mandibular  nerve  by  two  roots  which  embrace  the  middle  meningeal  artery  and  unite 
behind  it  to  form  the  trunk  of  the  nerve.  The  trunk  passes  backwards  on  the  inner 
aspect  of  the  pterygoideus  externus,  and  between  the  spheno-mandibular  ligament 
and  the  temporo-mandibular  articulation,  lying  in  close  relation  with  the  capsule  of 
the  joint.  Behind  the  joint  it  enters  the  upper  part  of  the  parotid  gland,  through 
which  it  turns  upwards  and  outwards.  It  emerges  from  the  upper  end  of  the  gland, 
crosses  the  root  of  the  zygoma  close  to  the  posterior  border  of  the  superficial  temporal 
artery,  and  divides  into  auricular  and  temporal  terminal  branches  at  the  level  of  the 
tragus  of  the  pinna  (fig.  703). 

Communications. — (a)  Each  of  the  two  roots  of  the  nerve  receives  a  com- 
munication from  the  otic  ganglion  containing  fibres  derived  from  the  glosso-pharyn- 
geal  nerve.  These  fibres  have  passed  through  the  tympanic  plexus  and  the  small 
superficial  petrosal  nerve. 

(b)  Communicating  filaments  pass  from  the  auriculo-temporal  nerve  to  the  tem- 
poro-facial  branch  of  the  facial  nerve. 

(c)  Filaments  of  connection  with  the  sympathetic  plexus  on  the  internal  max- 
illary artery. 

(d)  A  communication  to  the  inferior  alveolar  (dental)  nerve. 

Branches. — (a)  An  articular  branch  to  the  temporo-mandibular  joint,  given 
off  as  the  nerve  lies  on  the  inner  side  of  the  capsule. 

(b)  Branches  to  the  external  auditory  meatus.  Two  branches,  as  a  rule,  are 
given  off  in  the  parotid  gland.  They  enter  the  meatus  by  passing  between  the 
cartilage  and  the  bone  and  supply  the  upper  part  of  the  meatus,  the  membrana 
tympani  by  a  fine  branch,  and  occasionally  the  lower  branch  gives  twigs  to  the  skin  of 
the  lobule. 

(c)  Parotid  branches  are  distributed  to  the  substance  of  the  parotid  gland. 
They  spring  either  directly  from  the  nerve  or  from  the  communicating  branches  to 
the  facial  nerve,  and  they  contain  fibres  derived  from  the  glosso-pharyngeal  nerve 
which  pass  successively  through  its  tympanic  branch,  the  tympanic  plexus,  the 
small  superficial  petrosal  nerve,  the  otic  ganglion,  and  through  the  communicating 
twigs  from  the  otic  ganglion  to  the  roots  of  the  auriculo-temporal  nerve. 


972 


THE  NERVOUS  SYSTEM 


(d)  The  anterior  auricular  branches,  usually  two  in  number,  are  distributed  to 
the  skin  of  the  tragus  and  the  upper  and  outer  part  of  the  pinna. 

(e)  The  superficial  temporal  branches  supply  the  integument  of  the  greater 
part  of  the  temooral  region,  and  anastomose  with  the  temporal  branch  of  the  seventh 
nerve. 


THE  GANGLIA  CONNECTED  WITH  THE  BRANCHES  OF  THE  TRIGEMINUS 

In  addition  to  the  semilunar  (Gasserian)  ganglion,  which  represents  the  ganglion  of 
the  dorsal  root  of  a  nerve  of  spinal  type,  four  other  ganglia  are  connected  with  the 
branches  of  the  trigeminus.  They  are  the  ciliary,  the  spheno-palatine  or  Meckel's 
ganglion,  the  otic,  and  the  submaxillary.  All  these  ganglia  correspond  both  struc- 
turally and  developmentally  with  the  sympathetic  ganglia,  and  they  are  to  be  looked 
upon  as  such.  They  are  vagrant  ganglia  which  separated  from  the  embryonic 
semilunar  (Gasserian)  ganglion  at  an  early  period  of  development  and  have  become 
associated  with  the  branches  of  the  fifth  nerve,  receiving  fibres  which  pass  through 
them  and  constitute  the  so-called  sensory  roots  of  the  ganglia.  Each  ganglion  also 
receives  a  motor  root  from  a  cranial  nerve,  most  of  the  fibres  of  which  root  terminate 
about  its  cells  and  each  is  connected  with  the  sympathetic  plexus  on  an  adjacent 
artery. 

The  Ciliary  Ganglion 

The  ciliary,  lenticular,  or  ophthalmic  ganglion,  lies  in  the  posterior  part  of  the 
orbital  cavity,  about  6  mm.  in  front  of  the  superior  orbital  (sphenoidal)  fissure, 
to  the  outer  side  of  the  optic  nerve,  and  between  the  optic  nerve  and  the  external 
rectus  muscle.  It  is  a  small,  reddish,  quadrangular  body,  compressed  laterally,  and 
it  measures  about  two  millimetres  from  before  backwards  (fig.  701). 

Roots. — (a)  Its  motor  or  short  root  enters  its  lower  and  posterior  angle  and  is 
derived  from  the  branch  of  the  lower  division  of  the  oculomotor  nerve  which  sup- 
plies the  inferior  oblique  muscle. 

(b)  The  sensory  or  long  root  enters  the  upper  and  back  part  of  the  ganglion. 
It  is  a  branch  of  the  naso-ciliary  (nasal)  nerve. 

(c)  The  sympathetic  root  consists  of  fibres  derived  from  the  cavernous  plexus 
of  the  sjTnpathetic ;  it  passes  to  the  ganglion  with  the  long  root. 

Branches. — From  six  to  eight  short  ciliary  nerves  emerge  from  the  anterior 
border  of  the  ganglion;  they  divide  as  they  pass  forwards  and  eventually  form  about 
twenty  nerves  which  are  arranged  in  an  upper  and  a  lower  group,  and  the  latter 
group  is  joined  by  the  long  ciliary  branches  of  the  naso-ciliary  (nasal)  nerve  (fig.  701). 
When  they  reach  the  eyeball,  the  ciliary  nerves  pierce  the  sclerotic  around  the  optic 
nerve,  and  pass  forward  in  grooves  on  the  inner  surface  of  the  sclera.  They  are 
distributed  to  the  ciliary  muscle,  the  iris,  and  the  cornea. 

The  Spheno-palatine  or  Meckel's  Ganglion 

This  ganglion  is  associated  with  the  maxillary  nerve  (fig.  702).  It  is  a  small 
reddish-grey  body  of  triangular  form,  which  is  flattened  at  the  sides,  and  measures 
about  five  millimetres  from  before  backwards.  It  lies  deeply  in  the  pterygo-palatine 
(spheno-maxillary)  fossa  at  the  outer  side  of  the  spheno-palatine  foramen  and  in  front 
of  the  anterior  end  of  the  pterygoid  (Vidian)  canal.  It  is  attached  to  the  maxillary 
nerve,  from  which  it  receives  its  sensory  root,  and  it  is  connected  with  the  Vidian 
nerve,  which  furnishes  it  with  motor  and  sympathetic  filaments. 

Roots. — (a)  It  is  generally  believed  that  the  motor  root  is  the  great  superficial 
petrosal  nerve  which  is  incorporated  in  the  Vidian  nerve.  It  springs  from  the  an- 
terior angle  of  the  geniculate  ganglion  and  passes  through  the  hiatus  canalis  facialis 
(hiatus  Fallopii)  into  the  middle  fossa  of  the  cranium,  where  it  runs  forwards  and  in- 
wards, in  a  groove  on  the  upper  surface  of  the  petrous  part  of  the  temporal  bone,  to 
the  foramen  lacerum,  and  in  this  part  of  its  course  it  passes  beneath  the  semi- 
lunar (Gasserian)  ganglion  and  the  motor  root  of  the  fifth  nerve.  In  the  foramen 
lacerum  it  joins  with  the  great  deep  petrosal  nerve  to  form  the  Vidian  nerve  (nerve 
of  the  pterygoid  canal) ,  which  passes  forwards  through  the  pterygoid  (Vidian)  canal 
and  terminates  in  Meckel's  ganglion  in  the  pterygo-palatine  (spheno-maxillary)  fossa. 
The  great  superficial  petrosal  nerve  contains  sensory  and  possibly  also  motor  fibres. 
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The  sensory  fibres  ascend  to  the  soft  palate,  where  they  are  probably  connected  with 
peripheral  taste  organs,  and  they  arise  from  the  cells  of  the  geniculate  ganglion.  The 
motor  fibres,  if  they  exist,  belong  either  to  the  facial  nerve  or  to  communicating 
branches  which  have  passed  into  it  from  other  nerves. 

(6)  The  sympathetic  root  is  the  great  deep  petrosal  portion  of  the  Vidian 
nerve.  This  root,  which  is  of  reddish  colour  and  of  soft  texture,  springs  from  the 
carotid  plexus  which  lies  on  the  outer  side  of  the  internal  carotid  artery  in  the  carotid 
canal.  It  enters  the  foramen  lacerum  through  the  apex  of  the  petrous  portion  of  the 
temporal  bone,  and  unites  with  the  great  superficial  petrosal  branch  of  the  seventh 
nerve  to  form  the  Vidian  nerve. 

The  Vidian  nerve  (n.  canalis  pterygoidei)  commences  by  the  union  of  the  great 
superficial  and  deep  petrosal  nerves  in  the  foramen  lacerum,  and  runs  forwards 
through  the  pterygoid  (Vidian)  canal  to  the  pterygo-palatine  (spheno-maxillary) 
fossa,  where  it  terminates  in  Meckel's  ganglion.  While  it  is  in  the  pterygoid  canal  the 
Vidian  nerve  is  joined  by  a  sphenoidal  filament  from  the  otic  ganglion,  and  it  gives 
branches  to  the  upper  and  back  part  of  the  roof  and  septum  of  the  nose,  and  to  the 
lower  end  of  the  Eustachian  tube. 

(c)  The  sensory  root  usually  consists  of  two  spheno-palatine  branches  from  the 
maxillary  nerve.  The  majority  of  the  fibres  of  these  roots  do  not  join  the  ganglion, 
but  pass  by  its  inner  side  and  enter  the  palatine  branches. 

Branches. — The  branches  of  the  ganglion  are  orbital  or  ascending,  internal  or 
nasal,  descending  or  palatine,  and  posterior  or  pharyngeal. 

Ascending  branches. — The  orbital  or  ascending  branches  are  two  or  three 
small  twigs  which  enter  the  orbit  through  the  inferior  orbital  (spheno-maxillary) 
fissure  and  proceed,  within  the  periosteum,  to  the  inner  wall  of  the  orbit,  where  they 
pass  through  the  posterior  ethmoidal  foramen  and  through  the  foramina  in  the  suture 
behind  that  foramen  to  be  distributed  to  the  mucous  membrane  which  lines  the  pos- 
terior ethmoidal  cells  and  the  sphenoidal  sinus. 

Internal  branches. — The  internal  or  nasal  branches  are  derived  in  part  from 
the  inner  side  of  the  ganglion,  but  are  also  largely  made  up  of  fibres  which  pass 
from  the  spheno-palatine  branches  of  the  maxillary  nerve  without  traversing  the 
ganglionic  substance.  They  are  disposed  in  two  sets,  the  lateral  and  the  medial 
(septal)  posterior  superior  nasal  branches. 

The  lateral  posterior  superior  nasal  branches  are  six  or  seven  small  twigs 
which  pass  through  the  spheno-palatine  foramen,  and  are  distributed  to  the  mucous 
membrane  covering  the  posterior  parts  of  the  superior  and  middle  nasal  concha? 
(turbinated  bones)  (fig.  699) .  They  also  furnish  twigs  to  the  lining  membrane  of  the 
posterior  ethmoidal  cells. 

The  medial  posterior  superior  nasal  (septal)  branches,  two  or  three  in  number, 
pass  inwards  through  the  spheno-palatine  foramen.  They  cross  the  roof  of  the  nasal 
fossa  to  reach  the  back  part  of  the  nasal  septum,  where  the  smaller  twigs  terminate. 
The  largest  nerve  of  the  set,  the  naso-palatine  nerve,  or  nerve  of  Cotunnius,  runs 
downwards  and  forwards  in  a  groove  in  the  vomer  between  the  periosteum  and  the  mu- 
cous membrane  to  the  incisive  (anterior  palatine)  canal,  where  it  communicates  with  the 
nasal  branch  of  the  anterior  superior  alveolar  nerve.  The  two  naso-palatine  nerves 
then  pass  through  the  foramina  of  Scarpa  in  the  intermaxillary  suture,  the  left  nerve 
passing  through  the  anterior  of  the  two  foramina.  In  the  lower  part  of  the  incisive 
(anterior  palatine)  canal  the  two  nerves  form  a  plexiform  communication  (formerly 
described  as  Cloquet's  ganglion)  and  they  furnish  twigs  to  the  anterior  or  premaxillary 
part  of  the  hard  palate  behind  the  incisor  teeth.  In  this  situation  they  communicate 
with  the  anterior  palatine  nerves. 

Descending  branches. — The  descending  branches  are  the  great  or  anterior, 
the  posterior,  and  the  middle  (external)  palatine  nerves.  Like  the  internal  set  of 
branches,  they  are  in  part  derived  from  the  ganglion  and  in  part  are  directly  con- 
tinuous with  the  spheno-palatine  nerves  (fig.  699). 

The  great  or  anterior  palatine  nerve  arises  from  the  inferior  angle  of 
Meckel's  ganglion,  and  passes  downwards  through  the  posterior  palatine  canal, 
accompanied  by  the  descending  palatine  artery.  Emerging  from  the  canal  at 
the  greater  (posterior)  palatine  foramen  it  divides  into  two  or  three  branches,  which 
pass  forwards  in  grooves  in  the  hard  palate  and  supply  the  glands  and  mucous  mem- 
brane of  the  hard  palate  and  the  gums  on  the  inner  aspect  of  the  alveolar  border  of 
the  upper  jaw.    During  its  course  through  the  posterior  palatine  canal  the  anterior 
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palatine  nerve  gives  off  the  posterior  inferior  nasal  nerves.  These  nerves  pass 
through  small  openings  in  the  perpendicular  plate  of  the  palate  bone  to  supply  the 
mucous  membrane  covering  the  posterior  part  of  the  inferior  nasal  concha  (tur- 
binated bone)  and  the  adjacent  portions  of  the  middle  and  inferior  meatuses  of  the 
nose. 

The  posterior  or  small  palatine  nerve  passes  downwards  through  a  lesser  pala- 
tine foramen  (accessory  palatine  canal) ,  and  enters  the  soft  palate ,  distributing  branches 
to  that  organ,  to  the  uvula,  and  to  the  tonsil.  It  was  formerly  believed  to  convey 
motor  fibres  from  the  facial  nerve  to  the  levator  palati  and  azygos  uvulse,  but  it  is 
now  believed  that  these  muscles  are  supplied  by  the  spinal  accessory  nerve  through 
the  pharyngeal  plexus  (fig.  699). 

The  middle  (external)  palatine  nerve,  the  smallest  of  the  three,  traverses  a 
lesser  palatine  foramen  and  supplies  twigs  to  the  tonsil  and  to  the  adjacent  part  of  the 
soft  palate  (fig.  699). 

Posterior  branch. — The  pharyngeal  branch,  which  is  of  small  size,  passes 
backwards  and  somewhat  inwards  through  the  pharyngeal  (pterygo-palatine)  canal 
accompanied  by  a  branch  of  the  spheno-palatine  artery.  It  is  distributed  to  the  mucous 
membrane  of  the  uppermost  part  of  the  pharynx,  to  the  upper  part  of  the  posterior 
nares,  to  the  opening  of  the  Eustachian  tube,  and  to  the  lining  of  the  sphenoidal  sinus. 

The  Otic  Ganglion 
The  otic  or  Arnold's  ganglion  is  a  small  reddish-grey  body  which  is  associated 
with  the  mandibular  nerve.  It  lies  deeply  in  the  zygomatic  fossa,  immediately 
below  the  foramen  ovale,  on  the  inner  side  of  the  trunk  of  the  mandibular  nerve. 
It  is  in  relation  internally  with  the  tensor  palati,  which  separates  it  from  the  Eusta- 
chian tube.  In  front  of  it  is  the  posterior  border  of  the  pterygoideus  internus, 
and  behind  it  lie  the  middle  and  small  meningeal  arteries.  It  is  compressed 
laterally,  and  its  greatest  diameter,  which  lies  antero-posteriorly,  is  about  three 
millimetres. 

Roots. — The  ganglion  is  closely  connected  with  the  nerve  to  the  pterygoideus 
internus,  through  which  it  may  receive  a  motor  root  from  the  mandibular  nerve. 
Through  the  small  superficial  petrosal  nerve,  which  joins  the  upper  and  back  part 
of  the  ganglion,  it  receives  a  motor  root  from  the  seventh  nerve  and  a  sensory  root 
from  the  ninth  nerve.  It  receives  also  some  root  fibres  from  the  Vidian  nerve.  The 
sympathetic  root  is  derived  from  the  sympathetic  plexus  on  the  middle  meningeal 
artery. 

Branches. — The  communicating  branches  which  pass  from  the  ganglion  are: — 
(1)  The  filaments  to  the  chorda  tympani;  (2)  filaments  to  the  auriculo-temporal 
nerve;  (3)  filaments  to  the  spinous  nerve  (the  recurrent  branch  of  the  mandibular 
nerve).  The  branches  of  distribution  are  muscular  branches  to  the  tensor  tympani, 
and  tensor  veli  palatini. 

The  Submaxillary  Ganglion 

The  submaxillary  ganglion  is  suspended  from  the  lingual  division  of  the  mandi- 
bular nerve  by  anterior  and  posterior  branches.  It  is  a  small  reddish  body,  of  tri- 
angular or  fusiform  shape,  which  lies  between  the  mylo-hyoideus  and  hyo-glossus 
and  above  the  duct  of  the  submaxillary  gland. 

Roots. — The  motor  and  sensory  roots  are  received  from  the  lingual  nerve.  The 
motor  fibres  come  from  the  chorda  tympani  after  it  has  joined  the  lingual,  and  the 
sensory  fibres  come  directly  from  the  lingual  nerve.  The  sympathetic  root  is  formed 
by  filaments  from  the  sympathetic  plexus  on  the  facial  artery. 

Branches. — (a)  Five  or  six  glandular  branches  are  given  to  the  submaxillary 
gland  and  to  Wharton's  duct. 

(6)  Branches  to  the  lingual  nerve  and  the  sublingual  gland. 

(c)  To  the  mucous  membrane  of  the  floor  of  the  mouth. 

THE  SIXTH  NERVE— THE  ABDUCENS 

The  abducens  on  each  side  arises  from  the  cells  of  a  nucleus  which  lies  in  the  grey 
substance  of  the  floor  of  the  fourth  ventricle  in  the  region  of  the  inferior  part  of  the 
pons.  The  nucleus  is  situated  close  to  the  middle  line,  ventral  to  the  strise  acusticae  and 
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beneath  the  eminentia  medialis,  and  it  is  in  direct  linear  series  with  the  nuclei  of  the 
third,  fourth,  and  twelfth  nerves.  The  fibres  which  pass  from  the  nucleus  into 
the  sixth  nerve  run  inferiorly  and  ventralwards  through  the  reticular  formation,  the 
trapezium,  and  the  pyramidal  fibres,  and  they  emerge  from  the  ventral  surface  of  the 
medulla  in  the  sulcus  between  the  lower  border  of  the  pons  and  the  upper  end  of  the 
pyramid  of  the  medulla.  From  this  superficial  attachment  the  nerve  runs  upwards 
and  forwards  in  the  subarachnoid  space  between  the  pons  and  the  basisphenoid  and 
at  the  side  of  the  basilar  artery.  A  little  below  the  level  of  the  upper  border  of  the 
petrous  portion  of  the  temporal  bone  it  pierces  the  dura  mater,  passes  beneath  the 
petro-sphenoidal  ligament,  at  the  side  of  the  dorsum  sellse,  and  enters  the  cavernous 
sinus,  in  which  it  runs  forwards  along  the  outer  side  of  the  internal  carotid  artery. 
At  the  anterior  end  of  the  sinus  it  passes  through  the  superior  orbital  (sphenoidal) 
fissure  between  the  heads  of  the  rectus  lateralis,  below  the  lower  division  of  the 
oculo-motor  nerve,  and  above  the  ophthalmic  vein.  In  the  orbit  it  runs  forwards  on 
the  inner  or  ocular  surface  of  the  rectus  lateralis,  and  finally  it  pierces  this  muscle  and 
ends  in  its  substance. 

While  it  is  in  the  cavernous  sinus  it  receives  communications  from  the  carotid 
plexus  of  the  sympathetic  and  from  the  ophthalmic  nerve. 

All  the  fibres  arising  in  the  nucleus  of  the  sixth  nerve  do  not  pass  into  the  sixth  nerve.  Some 
of  them  ascend  in  the  medial  longitudinal  fasciculus,  cross  the  mid-line,  and  join  the  third  nerve 
of  the  opposite  side,  by  which  they  are  conveyed  to  the  opposite  internal  rectus  muscle.  Thus 
impulses  starting  from  the  sixth  nerve  nucleus  can  throw  into  simultaneous  action  the  external 
rectus  of  the  same  side  and  the  internal  rectus  of  the  opposite  side,  and  thus  turn  both  eyes  in  the 
same  direction. 

Central  Connections. — The  nucleus  of  the  sixth  nerve  is  connected  with  the  somaesthetic 
area  of  the  opposite  side  by  the  pyramidal  fibres,  and  it  is  associated  with  the  sensory  nuclei  of 
other  nerves  by  way  of  the  medial  longitudinal  fasciculus  (p.  800). 


THE  SEVENTH  NERVE— THE  FACIAL 

Like  the  trigeminus,  the  seventh  or  facial  nerve  is  a  mixed  nerve.  Each  possesses  a 
sensory,  ganglionated  and  a  motor,  non-ganglionated  root,  but  the  double  con- 
dition of  the  seventh  is  somewhat  masked  by  the  fusion  of  the  two  roots  both  on  the 
inner  and  on  the  outer  side  of  the  ganglion,  which  is  situated,  therefore,  on  the  trunk 
of  the  nerve.  The  ganglion  is  relatively  small  and  its  cells  give  origin,  of  course,  to 
only  the  sensory  root  or  pars  intermedia,  which  is  smaller  than  the  motor  root. 

The  Motor  Root  and  the  Trunk. — The  fibres  of  the  motor  portion  of  the  seventh 
nerve  spring  from  a  nucleus  of  cells  situated  laterally  in  the  rejhrukr formation  of_the 
lower  part  of  the  pons,  dorsal  to  the  superior  olive,  and  between  the  root  fibres  of  the 
sixth  nerve  and  the  laterally  placed  spinal  tract  of  the  trigeminus.  From  this  nucleus 
the  fibres  of  the  nerve  pass  medially  and  dorsalwards  to  the  floor  of  the  fourth  ven- 
tricle and,  just  under  the  floor,  they  turn  anteriorly,  passing  dorsal  to  the  nucleus  of 
the  abducens  (fig.  603,  p.  811).  At  the  anterior  end  of  this  nucleus  they  turn  sharply 
ventralwards  and  lateralwards,  and  at  this  point  it  is  claimed  that  fibres  descending 
in  the  near-by  medial  longitudinal  fasciculus  from  the  nucleus  of  the  oculo-motor  nerve 
of  the  same  side  become  intermingled  with  the  fibres  of  the  facial  nerve  and  pass 
outwards  with  them.  Continuing  ventralwards  through  the  reticular  formation 
the  fibres  of  the  facial  emerge  from  the  brain-stem  at  the  inferior  border  of  the 
pons,  lateral  to  the  superficial  attachment  of  the  abducens.  At  the  point  of  its 
emergence,  the  facial  nerve  pierces  the  pia  mater,  from  which  it  receives  a  sheath, 
and  then  proceeds  forwards  and  outwards  in  the  posterior  fossa  of  the  cranium  to  the 
internal  auditory  meatus,  which  it  enters  in  company  with  its  pars  intermedia  and  with 
the  eighth  nerve.  As  it  lies  in  the  meatus  it  is  situated  above  and  in  front  of  the  eighth 
nerve,  from  which  it  is  separated  by  the  pars  intermedia,  and  it  is  surrounded,  to- 
gether with  the  pars  intermedia  and  the  eighth  nerve,  by  sheaths  of  both  the  arachnoid 
and  the  dura  mater  and  by  prolongations  of  the  subarachnoid  and  sub-dural  spaces. 
While  it  is  still  in  the  meatus  it  blends  with  the  pars  intermedia  and  thus  the  com- 
plete trunk  of  the  facial  nerve  is  formed.  At  the  outer  end  of  the  canal  the  trunk 
pierces  the  arachnoid  and  the  dura  mater  and  enters  the  facial  canal  (aqueduct  of 
Fallopius),  in  which  it  runs  forwards  and  slightly  outwards  to  the  hiatus  Fallopii, 
where  it  makes  an  angular  bend,  the  geniculum,  around  the  anterior  boundary  of  the 
vestibule,  and  this  bend  is  enlarged  by  the  formation  of  the  geniculate  ganglion  in  its 
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anterior  border.  From  the  geniculum  it  runs  dorsalwards  in  the  facial  canal  along 
the  outer  wall  of  the  vestibule  and  the  inner  wall  of  the  tympanum,  above  the  fenestra 
vestibuli  (ovahs),  to  the  junction  of  the  inner  and  posterior  walls  of  the  tympanic 
cavity  ;  then,  bending  downwards,  it  descends  in  the  posterior  wall  to  the  stylo- 
mastoid foramen.  As  soon  as  it  emerges  from  the  stylo-mastoid  foramen  it  turns 
forwards  around  the  outer  side  of  the  base  of  the  styloid  process,  and  plunges  into 
the  substance  of  the  parotid  gland,  where  it  divides  into  its  cervico-facial  and 
temporo-facial  terminal  divisions. 

The  Sensory  Root  (the  pars  intermedia  or  nerve  of  Wrisberg)  .—The  fibres  of  the 
sensory  root  spring  from  the  cells  of  the  geniculate  ganglion,  which  is  situated  in  the 
facial  canal  (aqueduct  of  Fallopius)  immediately  behind  the  hiatus  Fallopii.  The 
central  processes  pass  inwards  in  the  trunk  of  the  nerve  along  the  facial  canal  to  the 
internal  auditory  meatus,  where  they  leave  the  trunk  and  form  the  pars  intermedia, 
which  passes  inwards  in  the  meatus  and  then  slightly  downwards  in  the  posterior 
fossa  of  the  cranium  to  the  medulla,  which  it  enters  immediately  below  the  lower 
border  of  the  pons  and  between  the  motor  root  of  the  seventh  nerve  and  the  entering 
roots  of  the  acoustic  nerve.    After  entering  the  medulla  the  fibres  pass  backwards 
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and  inwards  in  the  reticular  formation,  and  they  terminate  in  the  upper  extension 
of  the  nucleus  of  termination  of  the  glossopharyngeal  nerve.  The  sensory  root  or 
pars  intermedia  contains  a  few  motor  fibres  probably  acquired  during  its  blending 
with  the  motor  root.    It  is,  therefore,  somewhat  mixed  in  function. 

The  geniculate  ganglion  is  embedded  in  the  anterior  border  of  the  geniculum  of 
the  seventh  nerve  behind  the  hiatus  Fallopii.  It  gives  origin  to  the  greater  part  of  the 
pars  intermedia  or  sensory  root  of  the  seventh  nerve.  Its  anterior  angle  is  connected 
with  the  great  superficial  petrosal  nerve,  and  its  external  angle  is  connected  with 
fibres  which  afterwards  leave  the  seventh  nerve  in  its  chorda  tympani  branch  (fig.  704). 

Communications  and  Branches. — (a)  In  the  internal  auditory  meatus  the 
pars  intermedia  gives  two  delicate  filaments  to  the  vestibular  division  of  the  audi- 
tory nerve,  and  it  is  stated  that  filaments  are  also  given  from  the  facial  to  the  auditory 
artery  and  to  the  temporal  bone. 

(6)  In  the  facial  canal  five  important  branches  are  given  off,  and  a  communica- 
tion is  received  from  the  sympathetic  on  the  middle  meningeal  artery. 

(I)-  The  Great  Superficial  Petrosal  Nerve  has  been  described  in  detail  as  a  root 
of  the  spheno-palatine  ganglion  (p.  972) .  It  arises  from  the  geniculate  ganglion  of  the 
seventh  nerve,  enters  the  middle  fossa  of  the  cranium  through  the  hiatus  Fallopii, 
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and  passes  beneath  the  semilunar  (Gasserian)  ganglion  into  the  foramen  lacerum, 
where  it  joins  with  the  great  deep  petrosal  nerve  to  form  the  Vidian  nerve.  A  large 
part  of  this  nerve  consists  of  sensory  fibres,  but  it  is  possible  that  it  may  also  contain 
motor  fibres. 

(2)  A  branch  of  communication  passes  from  the  geniculum  to  join  the  small 
superficial  petrosal  nerve  in  the  substance  of  the  temporal  bone.  The  fibres  in  this 
communicating  branch  do  not  appear  to  be  connected  with  the  cells  of  the  geniculate 
ganglion  (fig.  704). 

(3)  The  Nerve  to  the  Stapedius  is  given  off  from  the  facial  as  it  descends  in  the 
posterior  wall  of  the  tympanum  behind  the  pyramid. 

(4)  The  Chorda  Tympani  consists  to  a  very  large  extent  of  fibres  which  are  con- 
nected with  the  cells  of  the  geniculate  ganglion,  but  it  also  contains  some  motor 
(probably  secretory)  fibres;  it  is,  therefore,  a  mixed  nerve.  It  leaves  the  trunk  of 
the  seventh  nerve  a  short  distance  above  the  stylo-mastoid  foramen,  and  pursues  a 
slightly  recurrent  course  upwards  and  forwards  in  the  canaliculus  chordae  tympani 
(iter  chordae  posterius),  a  minute  canal  in  the  posterior  wall  of  the  tympanic  cavity, 
and  it  enters  that  cavity  close  to  the  posterior  border  of  the  membrana  tympani.  It 
crosses  the  cavity,  running  on  the  inner  surface  of  the  tympanic  membrane  at  the 
junction  of  its  upper  and  middle  thirds,  ensheathed  in  mucous  membrane,  and  passes 
to  the  inner  side  of  the  manubrium  of  the  malleus  above  the  tendon  of  the  tensor 
tympani.  It  leaves  the  tympanic  cavity  and  passes  to  the  base  of  the  skull  through 
a  small  foramen  (the  iter  chordae  anterius)  at  the  inner  end  of  the  petro-tympanic 
(Glaserian)  fissure.  At  the  base  of  the  skull  it  inclines  downwards  and  forwards  on 
the  inner  side  of  the  spine  of  the  sphenoid,  which  it  frequently  grooves,  and,  on  the 
inner  side  of  the  pterygoideus  externus,  it  joins  the  posterior  border  of  the  lingual 
nerve  at  an  acute  angle.  Some  of  its  fibres  leave  the  lingual  nerve  and  pass  to  the 
sub-maxillary  ganglion,  and  others  are  continued  forwards  to  the  tongue.  The  fibres 
connected  with  the  tongue  are  probably  afferent  fibres  associated  with  the  sense  of 
taste,  and  they  are  processess  of  the  cells  of  the  geniculate  ganglion.  Before  it  joins 
the  lingual  nerve  the  chorda  tympani  receives  a  communicating  twig  from  the  otic 
ganglion  (figs.  704,  707). 

(5)  Usually  present  is  a  communicating  twig  to  the  vagus,  given  off  at  the 
same  level  as  the  chorda  tympani,  and  joining  the  auricular  branch  of  the  pneumo- 
gastric.  While  the  latter  twig  is  traversing  the  substance  of  the  temporal  bone, 
it  usually  receives  a  filament,  the  external  superficial  petrosal,  which  passes 
through  the  hiatus  Fallopii  and  connects  the  geniculate  ganglion  with  the  sym- 
pathetic plexus  on  the  middle  meningeal  artery. 

(c)  After  it  leaves  the  skull  the  seventh  nerve  gives  off  two  or  three  collateral 
branches  and  two  terminal  divisions.  The  collateral  branches  are  the  posterior 
auricular  nerve,  a  branch  to  the  posterior  belly  of  the  digastric,  and  sometimes  a 
lingual  branch.    The  terminal  divisions  are  the  temporo-facial  and  cervico-facial. 

(1)  The  posterior  auricular  nerve  is  the  first  branch  of  the  extracranial  portion 
of  the  facial  (fig.  705) .  It  passes  between  the  parotid  gland  and  the  anterior  border 
of  the  sterno-mastoid  muscle  and  runs  upwards  in  the  deep  interval  between  the 
external  auditory  meatus  and  the  mastoid  process.  In  this  situation  it  communi- 
cates with  the  auricular  branch  of  the  vagus.  It  supplies  the  auricularis  posterior, 
sends  a  slender  twig  upwards  to  the  auricularis  superior,  and  ends  in  a  long  slender 
branch,  the  occipital  branch,  which  passes  backwards  to  supply  the  occipitalis.  It 
also  receives  filaments  from  the  small  occipital  and  great  auricular  nerves,  and 
supplies  the  intrinsic  muscles  on  the  inner  surface  of  the  pinna. 

(2)  The  nerve  to  the  posterior  belly  of  the  digastric  arises  from  the  facial 
nerve  close  to  the  stylo-mastoid  foramen  and  enters  the  muscle  near  its  centre,  or 
sometimes  near  its  origin.  It  usually  gives  off  two  branches:  the  nerve  to  the  stylo- 
hyoid, which  sometimes  arises  directly  from  the  seventh  nerve  and  passes  to  the  upper 
part  of  the  muscle  that  it  supplies,  and  the  anastomotic  branch,  which  joins  the 
glosso-pharyngeal  nerve  below  its  petrous  ganglion. 

(3)  The  lingual  branch,  first  described  by  Cruveilhier,  is  not  commonly  present. 
It  arises  a  little  below  the  nerve  to  the  stylo-hyoideus  and  runs  downwards  and  in- 
wards to  the  base  of  the  tongue.  In  its  course  it  passes  to  the  inner  sides  of  the 
stylo-glossus  and  stylo-pharyngeus,  and  runs  downwards  along  the  anterior  border  of 
the  latter  muscle  to  the  wall  of  the  pharynx.  It  pierces  the  superior  constrictor,  in- 
sinuates itself  between  the  tonsil  and  the  anterior  pillar  of  the  fauces,  and  it  is  stated 
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that  it  gives  filaments  to  the  base  of  the  tongue  and  to  the  stylo-glossus  and  glosso- 
palatinus  (palato-glossus). 

The  Terminal  Divisions. — In  the  substance  of  the  parotid  gland  the  two  terminal 
divisions  of  the  facial  nerve  lie  superficial  to  the  external  carotid  artery  and  to  the 
posterior  facial  (temporo-maxillary)  vein.  The  way  in  which  these  terminal  divisions 
give  off  their  branches  varies  much  in  different  subjects  and  often  on  the  opposite 
sides  of  the  same  subject.    One  of  the  more  common  methods  is  here  described. 

The  temporo-facial  or  upper  division  runs  upwards  and  forwards,  and,  after 
receiving  communicating  twigs  from  the  auriculo-temporal  nerve,  gives  off  temporal 
and  zygomatic  (malar)  branches.  The  cervico-facial  or  lower  division  runs  down- 
wards and  forwards,  receives  branches  of  communication  from  the  great  auricular 
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705. — Superficial  Distribution  of  the  Facial  and  other  Nerves  of 
the  Head.    (After  Hirschfield  and  Leveille.) 
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nerve,  and  gives  off — (1)  buccal  branches,  comprising  what  have  been  called  infra- 
orbital and  buccal  branches;  (2)  the  marginal  mandibular  (supra-mandibular) 
branch;  and  (3)  the  ramus  colli  (infra-mandibular  branch).  These  branches  from 
the  two  terminal  divisions  anastomose  freely  to  form  the  parotid  plexus  (pes 
anserinus) . 

The  temporal  branches  passing  upwards  communicate  freely  with  each  other  and 
with  the  zygomatic  branches.  They  also  communicate  with  the  zygomatico-tem- 
poral  branch  of  the  zygomatic  nerve  (the  orbital  branch  of  the  maxillary  nerve)  and 
with  the  supra-orbital  nerve.  They  supply  the  frontalis,  orbicularis  oculi,  corrugator 
supercilii,  and  auricularis  anterior  and  superior  (fig.  705). 

The  zygomatic  (malar)  branches  passing  upwards  and  forwards,  communicate 
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with  the  buccal  branches  of  the  seventh  nerve;  with  the  zygomatico-facial  branch 
of  the  zygomatic  nerve  (the  orbital  branch  of  the  maxillary  nerve) ;  with  the  supra- 
orbital and  lachrymal  branches  of  the  ophthalmic  nerve,  and  with  the  palpebral  twigs 
of  the  maxillary.  They  supply  both  eyelids  and  the  orbicularis  oculi  and  zygomaticus 
(fig.  705). 

The  buccal  (infra-orbital  and  buccal)  branches  arise  sometimes  from  the 
lower  terminal  division  and  sometimes  from  both  the  upper  and  the  lower  terminal 
divisions.  The  buccal  branches,  passing  forwards  upon  the  masseter  and  underneath 
the  zygomaticus  and  quadratus  labii  superioris,  anastomose  with  the  zygomatic  and 
marginal  mandibular  (supra-mandibular)  branches  of  the  seventh  nerve,  with  the 
buccinator  (long  buccal)  branch  of  the  fifth  nerve,  and  with  the  terminal  branches  of 
the  maxillary  nerve,  forming  with  the  last-named  nerve  the  infra-orbital  plexus. 
They  supply  the  zygomaticus,  risorius,  quadratus  labii  superioris,  caninus,  buccin- 
ator, incisivi,  orbicularis  oris,  triangularis,  quadratus  labii  inferioris,  and  the  muscles 
of  the  nose  (fig.  705). 

The  marginal  mandibular  (supra-mandibular)  branch,  passing  downwards 
and  forwards  under  cover  of  the  risorius  and  the  depressors  of  the  lower  lip,  com- 
municates with  the  buccal  branches  and  with  the  ramus  colli  of  the  facial  nerve,  and 
with  the  mental  branch  of  the  mandibular  nerve.  It  supplies  the  quadratus  labii 
inferioris  and  mentalis. 

The  ramus  colli  (infra-mandibular  branch)  runs  downwards  and  forwards 
under  cover  of  the  platysma,  which  muscle  it  innervates  (fig.  705).  Beneath  the 
platysma  it  forms  one  or  more  communicating  loops,  near  its  commencement,  with 
the  great  auricular  nerve,  and  longer  loops,  lower  down,  with  the  superficial  cervical 
nerve. 

Central  Connections. — The  superior  extension  of  the  nucleus  of  termination  of  the  sensory 
portion  of  the  glosso-pharyngeal  nerve,  in  which  the  fibres  of  the  pars  intermedia  of  the  facial 
terminate,  is  associated  with  the  soma?sthetio  area  of  the  cortex  cerebri  by  the  medial  lemniscus 
(fillet)  of  the  same  and  opposite  sides,  and  with  the  motor  nuclei  of  the  other  cranial  nerves  by 
the  medial  longitudinal  fasciculus.  The  motor  nucleus  (nucleus  of  origin)  of  the  facial  is  asso- 
ciated with  the  somsesthetic  area  (lower  third  of  the  anterior  central  gyrus)  by  way  of  the  pyr- 
amidal fasciculi  of  the  same  and  opposite  sides,  and  with  the  nuclei  of  the  other  cranial  nerves 
by  way  of  the  medial  longitudinal  fasciculus. 


THE  EIGHTH  NERVE— THE  ACOUSTIC  OR  AUDITORY 

Two  distinct  sets  of  fibres  are  contained  in  each  acoustic  nerve  considered  as  a 
whole.  They  comprise  the  vestibular  and  cochlear  divisions  of  the  nerve,  which 
could  be  well  considered  as  separate  cranial  nerves.  Both  divisions  are  purely  sen- 
sory in  nature,  that  is,  they  are  composed  of  afferent  fibres,  but,  since  both  their 
peripheral  distribution  and  their. central  connections  are  different,  they  must  be 
described  separately.  They  are  distinct  at  their  superficial  attachment  to  the 
lateral  aspect  of  the  medulla  oblongata  at  the  inferior  margin  of  the  pons,  the  vesti- 
bular division  being  medial  and  ventral  to  the  restiform  body  and  just  lateral  to  the 
pars  intermedia  of  the  facial,  while  the  cochlear  division  is  more  lateral  and  arches 
around  the  dorsal  surface  of  the  restiform  body.  However,  from  near  the  medulla 
to  the  bottom  of  the  internal  acoustic  (auditory)  meatus  the  two  divisions  are 
blended  into  a  common  nerve-trunk  which  runs  outwards,  anteriorly,  and  upwards,  in 
company  with  the  facial  nerve  and  the  internal  auditory  artery,  which  course  along 
its  upper  surface  and  are  partially  enclosed  with  it  in  a  sheath  of  connective  tissue. 
At  the  bottom  of  the  internal  auditory  meatus  the  nerve  is  again  separated  into  its 
two  divisions,  the  vestibular  above  and  the  cochlear  below. 

The  vestibular  division  or  nerve. — The  fibres  of  the  vestibular  division  are  dis- 
tributed to  the  utriculus,  the  sacculus,  and  to  the  ampullae  of  the  three  semicircular 
canals.  None  of  them  terminate  in  the  cochlea,  and  therefore  they  are  not  con- 
sidered auditory  in  function,  but  rather  as  having  to  do  with  the  phenomena  of  equili- 
bration or  the  sense  of  position  of  the  body.  In  the  internal  auditory  meatus  the 
vestibular  division  is  connected  by  small  filaments  with  the  pars  intermedia  of  the 
facial  nerve,  both  giving  fibres  to  and  probably  receiving  fibres  from  the  geniculate 
ganglion.  At  the  bottom  of  the  meatus  there  is  interposed  in  the  vestibular  division 
its  ganglion  of  origin,  the  vestibular  ganglion  (ganglion  of  Scarpa).  Unlike  the 
ordinary  spinal  ganglion,  to  which  it  corresponds,  the  vestibular  ganglion  consists 


980 


THE  NERVOUS  SYSTEM 


of  bipolar  cells,  or  cells  which  give  off  their  central  and  peripheral  processes  directly 
from  opposite  sides  of  the  cell-body.  The  central  fibres  (axones)  enter  the  medulla 
oblongata. 

The  peripheral  fibres  from  the  vestibular  ganglion  separate  into  an  upper  and  a 
lower  branch.  The  upper  or  utriculo-ampullar  branch  divides  into  the  following 
terminal  branches: — 

(1)  The  utricular  branch  passes  through  the  superior  macula  cribrosa  of  the 
vestibule  and  terminates  in  the  macula  acustica  of  the  utriculus. 

(2)  Accompanying  the  utricular  branch  through  the  superior  macula  cribrosa 
is  a  branch,  the  superior  ampullar,  to  the  crista  acustica  of  the  ampulla  of  the  supe- 
rior semicircular  canal,  and — 

(3)  A  similar  branch,  the  lateral  ampullar,  to  the  ampulla  of  the  lateral  semi- 
circular canal. 

The  lower  or  sacculo-ampullar  branch  accompanies  the  cochlear  division  a  short 
distance  further  than  the  upper,  and  divides  into — 

(1)  A  branch,  the  posterior  ampullar,  which  passes  through  the  foramen  singu- 
lare  and  the  inferior  macula  cribrosa  and  terminates  in  the  ampulla  of  the  posterior 
semicircular  canal,  and — 

(2)  A  branch,  the  saccular,  which  passes  through  the  middle  macula  cribrosa 
and  terminates  in  the  macula  acustica  of  the  sacculus. 

The  central  connections  of  the  vestibular  division  are  described  in  detail  on  pages  805,  806. 
Its  large  nucleus  of  termination,  spread  through  the  area  acustica  in  the  floor  of  the  fourth 
ventricle,  and  divided  into  four  sub-nuclei,  is  associated  with  the  nuclei  fastigii,  globosus,  and 
emboliformis  of  the  cerebellum,  with  the  nuclei  of  the  eye-moving  nerves,  with  the  spinal  cord, 
and  probably  with  the  cerebral  cortex. 

The  cochlear  division  or  nerve. — The  fibres  of  this  division  are  distributed  to 
the  organ  of  Corti  in  the  cochlea,  and  so  are  considered  as  comprising  the  auditory 
nerve  proper.  They  arise  from  the  long,  coiled  spiral  ganglion  of  the  cochlea,  the 
cells  of  which  are  likewise  bipolar.  The  peripheral  fibres  of  these  cells  (dendrites)  are 
shorter  than  those  of  the  vestibular  ganglion.  They  terminate  about  the  auditory  or 
hair-cells  of  the  organ  of  Corti  and  thus  collect  impulses  aroused  by  stimuli  affecting 
these  cells.  The  central  fibres  of  the  ganglion  continue  the  central  course  through  the 
modiolar  canal  and  the  tractus  spiralis  foraminosus  of  the  cochlea,  and  thence, 
joining  the  vestibular  division  through  the  internal  auditory  meatus,  they  enter  the 
brain-stem  to  terminate  in  their  dorsal  and  ventral  nuclei.  A  description  of  these 
nuclei  and  the  further  central  connections  of  the  cochlea  with  the  superior  olive,  the 
nuclei  of  the  eye-moving  nerves,  the  inferior  quadrigeminate  bodies,  the  medial  geni- 
culate bodies,  and  with  the  cerebellum  and  temporal  lobes  of  the  cerebral  hemispheres 
is  given  on  pages  806,  807. 


THE  NINTH  NERVE— THE  GLOSSO-PHARYNGEAL 

The  glosso-pharyngeal  nerves  are  mixed  nerves  and  each  is  attached  to  the  medulla 
by  several  roots  which  enter  the  postero-lateral  sulcus,  a  short  distance  behind 
the  olivary  body  and  in  direct  line  with  the  facial  nerve. 

The  filaments,  when  traced  outwards,  are  seen  to  blend,  in  front  of  the 
flocculus,  into  a  trunk  which  lies  in  front  of  the  tenth  nerve,  but  which  passes  through 
a  separate  opening  into  the  arachnoid  and  the  dura  mater  and  through  the  jugular 
foramen.  In  the  foramen  this  trunk  lies  in  front  and  outside  of  the  tenth  nerve  in 
a  groove  on  the  petrous  portion  of  the  temporal  bone,  and  in  this  situation  two 
ganglia  are  interposed  in  it,  a  superior  or  jugular,  and  an  inferior  or  petrous.  After 
it  emerges  from  the  jugular  foramen  the  glosso-pharyngeal  nerve  descends  at  first 
between  the  internal  carotid  artery  and  the  internal  jugular  vein  and  to  the  outer  side 
of  the  vagus;  then,  bending  forwards  and  inwards,  it  descends  internal  to  the  sty- 
loid process  and  the  muscles  arising  from  it,  and  turning  around  the  lower  border  of  the 
stylo-pharyngeus  it  passes  between  the  internal  and  the  external  carotid  arteries, 
crosses  the  superficial  surface  of  the  stylo-pharyngeus,  and  runs  forwards  and  up- 
wards, internal  to  the  hyoglossus  muscle  and  across  the  middle  constrictor  and  the 
stylo-hyoid  ligament,  to  the  base  of  the  tongue  (fig.  707) . 

Ganglia. — The  superior  or  jugular  ganglion  or  ganglion  of  Ehrenritter,  is  a 
small,  ovoid,  reddish-grey  body  which  lies  on  the  back  part  of  the  nerve-trunk  in  the 
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upper  part  of  the  jugular  foramen.  No  branches  arise  from  it.  It  is  sometimes  con- 
tinuous with  the  petrous  ganglion  or  it  may  be  absent. 

The  inferior  or  petrous  ganglion,  or  ganglion  of  Andersch,  is  an  ovoid  grey  body 
which  lies  in  the  lower  part  of  the  jugular  foramen,  and  appears  to  include  all  the 
fibres  of  the  nerve. 

Communications. — (1)  The  petrous  ganglion  is  connected  with  the  superior 
cervical  ganglion  of  the  sympathetic  by  a  fine  filament. 

(2)  It  also  has  a  filament  of  communication  with  the  auricular  branch  of  the  vagus 
which  varies  inversely  in  size  with  the  latter  nerve  and  sometimes  entirely  replaces 
it.    This  filament  may  be  absent. 

(3)  An  inconstant  communication  with  the  ganglion  of  the  root  of  the  vagus. 

(4)  A  short  distance  below  the  petrous  ganglion  the  trunk  of  the  nerve  is  connected 
by  a  twig  with  that  branch  of  the  seventh  nerve  which  supplies  the  posterior  belly 
of  the  digastric  muscle. 

Branches. — (a)  From  the  petrous  ganglion  :  The  tympanic  branch,  or  nerve 
of  Jacobson,  arises  from  the  petrous  ganglion  and  passes  through  a  foramen,  which  lies 
in  the  ridge  of  bone  between  the  carotid  canal  and  the  jugular  fossa,  into  the  tympanic 
canaliculus  (Jacobson's  canal),  where  it  is  surrounded  by  a  small,  fusiform  mass 
of  vascular  tissue,  the  intumescentia  tympanica.  After  traversing  the  tympanic 
canaliculus  it  enters  the  tympanum  at  the  junction  of  its  lower  and  inner  walls,  and, 
ascending  on  the  inner  wall,  breaks  up  into  a  number  of  branches  which  take  part 
in  the  formation  of  the  tympanic  plexus  on  the  surface  of  the  promontory.  The 
continuation  of  the  nerve  emerges  from  this  plexus  as  the  small  superficial  petrosal 
nerve,  which  runs  through  a  small  canal  in  the  petrous  portion  of  the  temporal  bone, 
beneath  the  canal  for  the  tensor  tympani,  and  appears  in  the  middle  fossa  of  the  cra- 
nium through  a  foramen  which  lies  in  front  of  the  hiatus  Fallopii.  From  this  foramen 
it  runs  forwards  and  passes  through  the  foramen  ovale,  the  canaliculus  innominatus, 
or  the  spheno-petrosal  suture,  and  enters  the  zygomatic  fossa,  where  it  joins  the  otic 
ganglion.  While  it  is  in  the  canal  in  the  temporal  bone  the  small  superficial  petrosal 
nerve  is  joined  by  a  branch  from  the  geniculate  ganglion  of  the  facial  nerve. 

(6)  Branches  from  the  plexus  : — (1)  The  tubal  branch,  a  delicate  branch,  which 
runs  forwards  to  the  mucous  membrane  of  the  tuba  auditiva  (Eustachian  tube)  and 
sends  filaments  backwards  to  the  region  of  the  fenestra  vestibuli  (ovalis)  and  the 
fenestra  cochlea?  (rotunda). 

(2)  The  superior  and  inferior  carotico-tympanic  (carotid)  branches  pass 
medianwards  to  the  internal  carotid  plexus. 

(c)  From  the  trunk  of  the  nerve  : — (1)  Pharyngeal  branches,  which  may  be 
two  or  three  in  number,  arise  from  the  nerve  a  short  distance  below  the  petrous 
ganglion.  The  principal  and  most  constant  of  these  passes  on  the  outer  side  of 
the  internal  carotid  artery,  and  after  a  very  short  independent  course  joins  with 
the  pharyngeal  branch  of  the  vagus  and  with  branches  of  the  superior  cervical  gan- 
glion to  form  the  pharyngeal  plexus  (fig.  707) . 

(2)  A  muscular  branch  is  distributed  to  the  stylo-pharyngeus  muscle.  This 
branch  receives  a  communication  from  the  facial  nerve  (fig.  707). 

(3)  The  tonsillar  branches  are  a  number  of  small  twigs  which  arise  under  cover 
of  the  hyo-glossus  muscle ;  they  proceed  to  the  tonsil,  around  which  they  form  a  plexus, 
the  circulus  tonsillaris.  From  this  plexus  fine  twigs  proceed  to  the  pillars  of  the 
fauces  and  to  the  soft  palate. 

(4)  The  lingual  branches  arise  from  the  termination  of  the  nerve  and  supply  the 
mucous  membrane  of  the  posterior  half  of  the  dorsum  of  the  tongue,  where,  chiefly 
as  taste-fibres,  they  are  distributed  to  the  vallate  papilla?.  Some  small  twigs  pass 
backwards  to  the  follicular  glands  of  the  tongue,  and  to  the  anterior  surface  of 
the  epiglottis.  Other  twigs  are  distributed  around  the  foramen  ca?cum,  where  they 
communicate  with  the  corresponding  twigs  of  the  opposite  side. 

The  Sensory  Fibres. — The  sensory  fibres  of  the  ninth  nerve  spring  from  the 
superior  and  petrous  ganglia  and  pass  peripherally  and  centrally.  The  peripheral 
fibres  of  the  ganglion  cells  are  those  which  are  distributed  to  the  mucous  membrane 
of  the  tongue  and  pharynx,  and  the  central  fibres  pass  inwards  to  the  medulla.  In 
the  medulla  they  pass  dorsalwards  and  medianwards  through  the  reticular  formation 
and,  bifurcating  into  ascending  and  descending  branches,  they  end  in  the  nucleus  of 
termination  of  the  ninth  nerve,  that  is,  in  the  upper  part  of  the  nucleus  alse  cinerese 
and  in  the  nucleus  of  the  tractus  solitarius. 
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The  Motor  Fibres  arise  from  the  nucleus  ambiguus  in  the  lateral  column  of  the 
medulla,  in  line  with  the  motor  nucleus  of  the  facial  nerve.  From  this  nucleus  they 
pass  at  first  dorsalwards  and  then,  turning  lateralwards,  they  emerge  and  join  the 
sensory  fibres  and  run  with  them  in  the  trunk  of  the  nerve  (fig.  598). 

Van  Gehuchten's  observations  point  to  the  conclusion  that  one  motor  nucleus  of  the  ninth 
nerve  is  separate  from  and  lies  above  and  to  the  medial  side  of  the  nucleus  ambiguus,  and  that 
a  portion  of  the  nucleus  of  the  ala  cinerea  is  also  a  motor  nucleus  common  to  the  ninth  and  tenth 
nerves. 

Central  Connections. — The  nuclei  of  termination  of  the  ninth  nerve  are  connected  with  the 
motor  nuclei  of  other  cranial  nerves  by  the  medial  longitudinal  fasciculus,  and  with  the  som- 
sesthetic  area  of  the  cortex  cerebri  by  the  medial  lemniscus  (fillet).  The  motor  nucleus  of  the 
ninth  nerve  is  associated  with  the  soma^sthetic  area  by  the  pyramidal  fibres. 


THE  TENTH  NERVE— THE  VAGUS  OR  PNEUMOGASTRIC 

The  vagus  or  pneumogastric  nerves  are  t  he  longest  of  the  cranial  nerves,  and  they 
are  remarkable  for  their  almost  vertical  course,  their  asymmetry,  and  their  exten- 
sive distribution,  for,  in  addition  to  supplying  the  lung  and  stomach,  as  the  name 
'pneumo-gastric'  indicates,  each  nerve  gives  branches  to  the  external  ear,  the  phar- 
ynx, the  larynx,  the  trachea,  the  oesophagus,  the  heart,  and  the  abdominal  viscera. 
Each  nerve  is  attached  to  the  side  of  the  medulla,  in  the  postero-lateral  sulcus,  be- 
hind the  olivary  body,  by  from  twelve  to  fifteen  root  filaments  which  are  in  linear 
series  with  the  filaments  of  the  glosso-pharyngeal  nerve.  The  filaments  pierce  the 
pia  mater,  from  which  they  receive  sheaths,  and,  traced  outwards,  they  pass  into  the 
posterior  fossa  of  the  cranium  towards  the  jugular  foramen  and  unite  to  form  the 
trunk  of  the  nerve,  which  passes  through  openings  in  the  arachnoid  and  the  dura 
mater  which  are  common  to  it  and  to  the  eleventh  nerve.  In  the  jugular  foramen  a 
small  spherical  ganglion,  the  jugular  ganglion,  is  interposed  in  the  trunk  of  the  nerve, 
which  here  turns  at  right  angles  to  its  former  course  and  descends  through  the  neck. 
As  it  leaves  the  jugular  foramen  it  is  joined  by  the  internal  or  accessory  portion  of  the 
eleventh  nerve,  and  immediately  below  this  junction  it  enters  a  large  ovoid  ganglion, 
t  he  ganglion  nodosum  or  ganglion  of  the  trunk  (fig.  707) .  As  it  descends  through  the 
neck  the  nerve  passes  ventral  and  somewhat  lateral  to  the  superior  cervical  sympa- 
thetic ganglion,  and  in  front  of  the  longus  capitis  and  longus  colli,  from  which  it  is 
separated  by  the  prevertebral  fascia.  In  the  upper  part  of  the  neck  it  is  placed  be- 
tween the  internal  carotid  artery  and  the  internal  jugular  vein,  and  on  a  plane  dorsal 
to  them,  the  artery  being  ventral  and  mesial,  and  the  vein  ventral  and  lateral.  In  the 
lower  part  of  the  neck  it  occupies  a  similar  position  in  regard  to  the  common  carotid 
artery  and  the  internal  jugular  vein,  and  the  three  structures  are  enclosed  in  a  com- 
mon sheath  derived  from  the  deep  cervical  fascia,  but  within  the  sheath  each  struc- 
ture occupies  a  separate  compartment  (fig.  707).  In  the  root  of  the  neck  and  in 
the  thorax  the  relations  of  the  nerves  of  the  two  sides  of  the  body  differ  somewhat, 
and  they  must,  therefore,  be  considered  separately. 

The  right  vagus  passes  in  front  of  the  first  part  of  the  right  subclavian  artery 
in  the  root  of  the  neck  and  then  descends  in  the  thorax,  passing  obliquely  down- 
wards and  backwards  on  the  right  of  the  trachea,  and  behind  the  right  innominate 
vein  and  the  superior  vena  cava,  to  the  back  of  the  root  of  the  right  lung.  Just 
before  it  reaches  the  right  bronchus  it  lies  close  to  the  inner  side  of  the  vena  azygos 
as  the  latter  hooks  forwards  over  the  root  of  the  lung.  At  the  back  of  the  right 
bronchus  the  right  vagus  breaks  up  into  a  number  of  branches  which  anastomose 
with  the  branches  of  the  sympathetic  to  form  the  right  posterior  pulmonary  plexus, 
and  from  this  plexus  it  issues  in  the  form  of  one  or  more  cords  which  descend  on  the 
oesophagus  and  break  up  into  branches  which  anastomose  with  branches  of  the  left 
vagus,  forming  the  posterior  oesophageal  plexus.  At  the  lower  part  of  the 
thorax  fibres  of  this  plexus  become  again  associated  in  one  trunk  which  passes 
through  the  diaphragm  on  the  posterior  surface  of  the  oesophagus,  and  is  distributed 
to  the  posterior  surface  of  the  stomach  and  to  the  cceliac  (solar)  plexus  and  its  offsets. 

The  left  vagus  descends  through  the  root  of  the  neck  between  the  carotid  and 
subclavian  arteries  and  in  front  of  the  thoracic  duct.  In  the  upper  part  of  the 
superior  mediastinum  it  is  crossed  in  front  by  the  left  phrenic  nerve,  and  in  the  lower 
part  of  the  same  region  it  crosses  in  front  of  the  root  of  the  subclavian  artery  and 
the  arch  of  the  aorta  and  behind  the  left  superior  intercostal  vein.    Below  the  aortic 
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arch  it  passes  behind  the  left  bronchus  and  divides  into  branches  which  unite  with 
twigs  of  the  sympathetic  to  form  the  left  posterior  pulmonary  plexus.  From  this 
plexus  the  fibres  of  the  left  vagus  issue  as  one  or  more  cords  that  break  up  into 
anastomosing  branches  to  form  the  anterior  oesophageal  plexus.    At  the  lower  part 

Fig.  706. — Diagram  of  the  Branches  of  the  Vagus  Nerves. 
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of  the  thorax  this  plexus  becomes  a  single  trunk,  which  passes  through  the 
diaphragm  on  the  anterior  surface  of  the  oesophagus,  and  it  is  distributed  to  the  ante- 
rior surface  of  the  stomach  and  to  the  liver. 

The  Jugular  Ganglion  (Ganglion  of  the  Root)  is  a  spherical  grey  mass  about  five 
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millimetres  in  diameter  which  lies  in  the  jugular  foramen  (fig.  706).  It  is  connected 
with  the  spinal  accessory  nerve  and  with  the  superior  cervical  sympathetic  ganglion, 
and  it  gives  off  an  auricular  branch,  by  means  of  which  it  becomes  connected  with  the 
facial  and  glosso-pharyngeal  nerves,  and  a  recurrent  meningeal  branch. 

The  Ganglion  Nodosum  (Ganglion  of  the  Trunk)  lies  below  the  base  of  the  skull 
and  in  front  of  the  upper  part  of  the  internal  jugular  vein.  It  is  of  flattened  ovoid 
form  and  about  seventeen  millimetres  long  and  four  millimetres  broad  (figs.  706  and 
707) .  It  is  connected  with  the  accessory  part  of  the  eleventh  nerve,  with  the  twelfth 
nerve,  with  the  superior  cervical  ganglion  of  the  sympathetic,  and  with  the  loop 
between  the  first  two  cervical  nerves,  and  it  gives  off  a  pharyngeal,  a  superior  laryn- 
geal, and  a  superior  cardiac  branch. 

Communications.— The  vagus  nerve  is  connected  with  the  ninth,  eleventh,  and 
twelfth  nerves,  with  the  sympathetic,  and  with  the  loop  between  the  first  and  second 
cervical  nerves. 

(1)  Two  communications  exist  between  the  tenth  and  ninth  nerves:  one  between 
their  trunks,  just  below  the  base  of  the  skull,  and  one,  in  the  region  of  their  ganglia, 
consisting  of  one  or  two  filaments.  When  two  filaments  are  present  one  passes  from 
the  jugular  ganglion  and  the  other  from  the  auricular  nerve  to  the  petrous  ganglion 
of  the  glosso-pharyngeal  nerve.    Either  or  both  of  these  filaments  may  be  absent. 

(2)  Two  twigs  pass  from  the  eleventh  nerve  to  the  ganglion  nodosum,  and  at  a 
lower  level  the  accessory  part  of  the  eleventh  nerve  also  joins  the  same  ganglion 
(fig.  706).  The  majority  of  the  fibres  of  the  accessory  part  of  the  eleventh  nerve 
merely  pass  across  the  surface  of  the  ganglion  and  are  continued  into  the  pharyngeal 
and  superior  laryngeal  branches  of  the  vagus,  but  a  certain  number  blend  with  the 
trunk  of  the  vagus  and  are  continued  into  its  recurrent  laryngeal  and  cardiac  branches. 

(3)  Two  or  three  fine  filaments  connect  the  ganglion  nodosum  with  the  twelfth 
nerve  as  the  latter  turns  around  the  lower  part  of  the  ganglion  (fig.  706). 

(4)  Fibres  pass  from  the  superior  cervical  ganglion  of  the  sympathetic  to  both 
ganglia  of  the  vagus  (fig.  706). 

(5)  A  twig  sometimes  passes  from  the  loop  between  the  first  two  cervical  nerves 
to  the  ganglion  nodosum  (fig.  706). 

Terminal  Branches. — These  are  the  meningeal,  auricular,  pharyngeal,  superior 
laryngeal,  inferior  laryngeal,  cardiac,  bronchial,  pericardial,  oesophageal,  and  the  ab- 
dominal branches. 

(1)  The  meningeal  or  recurrent  branch  is  a  slender  filament  which  is  given 
off  from  the  jugular  ganglion.  It  takes  a  recurrent  course  through  the  jugular 
foramen,  and  is  distributed  to  the  dura  mater  around  the  transverse  (lateral)  sinus. 

(2)  The  auricular  branch,  or  nerve  of  Arnold,  arises  from  the  jugular  ganglion 
in  the  jugular  foramen.  It  receives  a  branch  from  the  petrous  ganglion  of  the 
glosso-pharyngeal,  enters  the  petrous  part  of  the  temporal  bone  through  a  fora- 
men in  the  outer  wall  of  the  jugular  fossa,  and  communicates  with  the  facial  nerve 
or  merely  lies  in  contact  with  it  as  far  as  the  stylo-mastoid  foramen.  It  usually 
leaves  the  temporal  bone  by  the  stylo-mastoid  foramen,  but  it  may  pass  through  the 
tympano-mastoid  fissure,  and  it  divides,  behind  the  pinna,  into  two  branches,  one  of 
which  joins  the  posterior  auricular  branch  of  the  facial  while  the  other  supplies  sen- 
sory fibres  to  the  posterior  and  inferior  part  of  the  external  auditory  meatus  and  the 
back  of  the  pinna.  It  also  supplies  twigs  to  the  osseous  part  of  the  external  auditory 
meatus  and  to  the  lower  part  of  the  outer  surface  of  the  membrana  tympani. 

(3)  The  pharyngeal  branches  may  be  two  or  three  in  number.  The  principal 
of  these  joins  the  pharyngeal  branch  of  the  glosso-pharyngeal  on  the  outer  surface 
of  the  internal  carotid  artery,  and  after  passing  with  the  latter  internal  to  the  exter- 
nal carotid  artery  it  turns  downwards  and  inwards  to  reach  the  posterior  aspect 
of  the  pharynx.  Here  the  two  nerves  are  joined  by  branches  from  the  superior  cervi- 
cal ganglion  of  the  sympathetic,  with  which  they  form  the  pharyngeal  plexus 
(figs.  706  and  707).  Branches  from  this  plexus  supply  sensory  fibres  to  the  mucous 
membrane  of  the  pharynx  and  motor  fibres  to  the  constrictores  pharyngis,  levator 
palatini,  uvulae,  glosso-palatinus,  and  pharyngo-palatinus. 

(4)  The  superior  laryngeal  nerve  arises  from  the  lower  part  of  the  ganglion 
nodosum,  and  passes  obliquely  downwards  and  inwards  behind  and  internal  to  both 
internal  and  external  carotid  arteries  towards  the  larynx.  In  this  course  it  describes 
a  curve  with  the  convexity  downwards  and  outwards  and  divides  into  (i)  a  larger  in- 
ternal and  (ii)  a  smaller  external  branch  (fig.  706).    Before  its  division  it  is  joined 
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by  communications  from  the  sympathetic  and  from  the  pharyngeal  plexus,  and  it 
gives  a  small  branch  to  the  internal  carotid  artery. 

(a)  The  internal  branch  accompanies  the  superior  laryngeal  artery  to  the  inter- 
val between  the  upper  border  of  the  thyreoid  cartilage  and  the  great  cornu  of  the 
hyoid  bone.  It  passes  under  cover  of  the  thyreo-hyoid  muscle  and  pierces  the  hyo- 
thyreoid  membrane  to  gain  the  interior  of  the  pharynx,  where  it  lies  in  the  outer 
wall  of  the  sinus  piriformis  and  divides  into  a  number  of  diverging  branches.  The 
ascending  branches  supply  the  mucous  membrane  on  both  surfaces  of  the  epiglottis, 
and  probably  that  of  a  small  part  of  the  root  of  the  tongue.  The  descending  branches 
ramify  in  the  mucous  membrane  lining  the  larynx,  and  supply  the  mucous  membrane 
which  covers  the  back  of  the  cricoid  cartilage.  One  of  the  descending  branches 
passes  downwards  on  the  internal  muscles  of  the  larynx  to  anastomose  with  the  ter- 
minal part  of  the  inferior  (recurrent)  laryngeal  nerve. 

(b)  The  external  branch  runs  downwards  on  the  inferior  constrictor  to  the  lower 
border  of  the  thyreoid  cartilage,  where  it  ends,  for  the  most  part,  in  the  crico-thyreoid- 
eus.  A  few  filaments  pierce  the  crico-thyreoid  membrane  and  are  distributed  to  the 
membrane  lining  the  larynx.  It  occasionally  gives  off  a  cardiac  branch  which  joins 
one  of  the  cardiac  branches  of  the  sympathetic;  it  also  furnishes  twigs  to  the  inferior 
constrictor,  and  communicating  twigs  to  the  pharyngeal  plexus,  and  it  receives  a  com- 
munication from  the  superior  cervical  ganglion  of  the  sympathetic. 

(5)  The  recurrent  (inferior  or  recurrent  laryngeal)  nerve  of  the  right  side 
arises  at  the  root  of  the  neck  in  front  of  the  first  stage  of  the  right  subclavian  artery. 
It  hooks  around  the  artery,  passing  below  and  then  behind  that  vessel,  and  runs 
upwards  and  slightly  inwards,  crossing  obliquely  behind  the  common  carotid  artery 
(fig.  706).  Having  gained  the  side  of  the  trachea,  it  runs  upwards  in  the  groove 
between  that  canal  and  the  oesophagus,  accompanied  by  branches  of  the  inferior 
thyreoid  artery,  and,  near  the  level  of  the  lower  border  of  the  cricoid  cartilage,  be- 
comes the  inferior  laryngeal  nerve.  In  its  course  the  recurrent  nerve  gives  off  branches 
to  the  trachea,  oesophageal  branches  to  the  oesophagus  and  pharynx,  and,  near  its 
commencement,  one  or  more  inferior  cardiac  branches.  It  communicates  with  the 
inferior  cervical  sympathetic  ganglion  and  with  the  superior  laryngeal  nerve. 

The  inferior  laryngeal  nerve,  the  continuation  of  the  recurrent ,  ascends  between 
the  trachea  and  oesophagus,  enters  the  larynx  under  cover  of  the  inferior  constrictor 
of  the  pharynx,  and  divides  into  two  branches,  anterior  and  posterior.  The  anterior 
branch  passes  upwards  and  forwards  on  the  crico-arytsenoideus  lateralis  and  thyreo- 
arytaenoideus,  and  supplies  these  muscles  and  also  the  vocalis,  arytsenoideus 
obliquus,  ary-epiglotticus,  and  thyreo-epiglotticus.  The  'posterior  branch,  passing 
upwards,  supplies  the  crico-arytsenoideus  posterior  and  arytsenoideus  obliquus,  and 
anastomoses  with  the  internal  branch  of  the  superior  laryngeal  nerve. 

On  the  left  side  the  recurrent  nerve  arises  in  front  of  the  aortic  arch  and  winds 
around  the  concavity  of  the  arch  lateral  to  the  ligamentum  arteriosum.  It  crosses  ob- 
liquely behind  the  root  of  the  left  common  carotid  artery,  gains  the  angular  interval 
between  the  oesophagus  and  trachea,  and  corresponds  with  the  nerve  of  the  right 
side  in  the  remainder  of  its  course  and  distribution  (fig.  706) . 

(6)  Cardiac  branches. — Of  these,  there  are  two  sets,  the  superior  and  inferior. 
All  the  branches  of  both  sets  pass  to  the  deep  part  of  the  cardiac  plexus  except  a 
superior  branch  on  the  left  side  that  passes  to  the  superficial  part  of  the  cardiac 
plexus. 

(a)  The  superior  (superior  and  inferior  cervical)  cardiac  nerves  arise  from 
the  vagus  and  its  branches  in  the  neck  (figs.  706  and  718) .  Some  of  these  branches  on 
both  sides  join  with  the  cardiac  branches  of  the  sympathetic  in  the  neck  and  pass 
with  them  to  the  cardiac  plexus.  Some  on  the  right  side  pass  independently  through 
the  thorax  to  the  deep  part  of  the  cardiac  plexus,  and  a  branch  on  the  left  side  passes 
through  the  thorax  to  the  superficial  part  of  the  cardiac  plexus. 

(b)  The  inferior  (thoracic)  cardiac  branches. — These  branches  on  the  right 
side  arise  in  part  from  the  recurrent  nerve  and  in  part  from  the  main  trunk  of  the 
vagus,  while  on  the  left  side  they  usually  arise  entirely  from  the  recurrent.  All  these 
branches  pass  to  the  deep  part  of  the  cardiac  plexus  (figs.  706  and  718). 

(7)  The  bronchial  (pulmonary)  branches  are  anterior  and  posterior  (fig.  706). 
(a)  The  anterior  bronchial  (pulmonary)  branches  consist  of  a  few  small 

branches  which  arise  at  the  upper  border  of  the  root  of  the  lung.  They  pass  for- 
wards to  gain  the  anterior  aspect  of  the  bronchus,  where  they  communicate  with  the 
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sympathetic  and  form  the  anterior  pulmonary  plexus,  from  which  fine  twigs  pass 
along  the  bronchus. 

(b)  The  posterior  bronchial  (pulmonary)  branches. — Almost  the  entire  re- 
maining trunk  of  the  nerve  divides  into  these  branches,  which  communicate  with 
branches  from  the  second,  third,  and  fourth  thoracic  ganglia  of  the  sympathetic  to 
form  the  posterior  pulmonary  plexus  (fig.  706).  The  plexuses  of  the  two  sides 
communicate  freely  behind  the  bifurcation  of  the  trachea,  and  branches  from  the 
plexus  pass  along  each  bronchus  into  the  lung. 

(8)  The  pericardial  branches  pass  from  the  trunk  of  the  vagus  or  from  the  bron- 
chial or  oesophageal  plexuses  to  the  anterior  and  posterior  surfaces  of  the  pericardium. 

(9)  (Esophageal  branches,  given  off  by  the  trunk  of  the  nerve  above  the  bron- 
chial plexuses  and  from  the  oesophageal  plexuses  lower  down,  pass  to  the  wall  of  the 
oesophagus. 

(10)  Abdominal  branches. — The  terminal  part  of  the  left  vagus  divides  into  many 
branches,  some  of  which  communicate  freely  along  the  lesser  curvature  of  the  stomach 
with  filaments  from  the  gastric  plexus  of  the  sympathetic,  and  to  some  extent  with 
branches  of  the  right  vagus,  to  form  the  elongated  anterior  gastric  plexus  (fig.  706). 
From  this  plexus  as  well  as  from  the  nerve-trunk,  gastric  branches  are  given  to  the 
anterior  surface  of  the  stomach.  Hepatic  branches  from  the  trunk  or  from  this 
plexus  pass  in  the  lesser  omentum  to  the  hepatic  plexus  (fig.  706).  The  terminal 
part  of  the  right  vagus  divides  into  many  branches,  and  forms  along  the  lesser 
curvature  of  the  stomach  an  elongated  posterior  gastric  plexus  by  communications 
with  branches  from  the  gastric  plexus  of  the  sympathetic  and  with  branches  from 
the  right  vagus.  Gastric  branches  are  given  off  by  the  trunk  of  the  nerve  and 
from  this  plexus.  Coeliac  branches  are  given  by  the  trunk  to  the  cceliac  (solar) 
plexus,  and  splenic  and  renal  branches,  either  directly  or  through  the  cceliac 
(solar)  plexus,  are  given  to  the  splenic  and  renal  plexuses  (fig.  706). 

The  Sensory  Fibres  of  the  vagus  are  processes  of  the  cells  of  the  jugular  ganglion 
and  the  ganglion  nodosum.  The  dendrites  of  the  cells  pass  peripherally  and  the 
axones  centrally.  The  latter  enter  the  medulla  in  the  filaments  of  attachment  in 
the  postero-lateral  sulcus,  and,  in  the  reticular  formation,  they  bifurcate  into  ascend- 
ing and  descending  branches  which  end  in  the  nuclei  of  termination  of  the  vagus, 
namely,  in  the  nucleus  alse  cinerese  in  the  floor  of  the  fourth  ventricle  and  in  the 
nucleus  tractus  solitarii. 

The  Motor  Fibres  spring  from  the  nucleus  ambiguus  and  join  the  sensory  fibres 
in  the  reticular  formation. 

Central  Connections. — The  central  connections  of  the  vagus  are  similar  to  those  of  the 
glosso-pharyngeal  nerve  (fig.  598).  Van  Gehuchten's  observations  point  to  the  conclusion  that  a. 
part  of  the  nucleus  of  the  ala  cinerea  is  a  motor  nucleus  common  to  the  ninth  and  tenth  nerves, 
and  that  the  only  nucleus  of  termination  of  the  tenth  nerve  is  that  of  the  tractus  solitarius. 
By  way  of  the  tractus  solitarius,  the  sensory  fibres  of  the  vagus  are  probably  associated  with  the 
cells  of  the  cervical  segments  of  the  spinal  cord  which  give  origin  to  the  phrenic  nerve  and  to 
motor  fibres  supplying  other  muscles  of  respiration. 


THE  ELEVENTH  NERVE— THE  SPINAL  ACCESSORY 

The  spinal  accessory  nerve  is  exclusively  motor.  It  consists  of  two  parts,  the 
accessory  or  superior,  and  the  spinal  or  inferior  part. 

The  fibres  of  the  accessory  or  superior  portion  spring  chiefly  from  the  nucleus 
ambiguus,  in  common  with  the  motor  fibres  of  the  vagus,  and  they  pass  through  the 
reticular  formation  to  the  postero-lateral  sulcus  of  the  medulla,  where  they  emerge 
as  a  series  of  filaments,  below  those  of  the  vagus.  The  filaments  pierce  the  pia  mater 
and  unite,  as  they  pass  outwards  in  the  posterior  fossa  of  the  cranium,  to  form  a 
trunk  which  enters  the  aperture  in  the  dura  mater  common  to  the  tenth  and  eleventh 
nerves.    In  the  aperture  this  trunk  is  joined  by  the  spinal  portion  of  the  nerve. 

The  spinal  or  inferior  portion  arises  from  the  ventro-lateral  cells  of  the  ventral 
horn  of  the  cord  as  low  as  the  fifth,  and  rarely  the  seventh,  cervical  nerve.  The 
fibres  pass  dorsalwards  and  lateralwards  from  their  origins  through  the  posterior 
part  of  the  ventral  horn  and  through  the  lateral  funiculus  of  white  substance,  and 
they  emerge  from  the  lateral  aspect  of  the  cord  behind  the  ligamentum  denticulatum, 
along  an  oblique  line,  the  lower  fibres  passing  out  immediately  behind  the  ligament, 
and  the  upper  close  to  and  sometimes  in  association  with  the  dorsal  roots  of  the  upper 
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two  spinal  nerves.  As  the  spinal  fibres  pass  out  of  the  surface  of  the  cord  they  unite 
to  form  an  ascending  strand  which  enters  the  posterior  fossa  of  the  cranium,  through 
the  foramen  magnum,  and,  turning  outwards,  blends  more  or  less  intimately  with  the 
accessory  portion.  Thus  combined,  the  nerve  enters  the  jugular  foramen  in  com- 
pany with  the  vagus,  but  here  it  is  again  separated  into  its  internal  and  external 
branches,  which  contain  chiefly  the  same  fibres  as  the  original  superior  and  inferior 
parts. 

The  internal  branch,  or  accessory  portion  of  the  nerve,  gives  one  or  more 
filaments  of  communication  to  the  jugular  ganglion  (ganglion  of  the  root  of  the 
vagus),  and  then  joins  either  the  trunk  of  the  vagus  directly  or  its  ganglion  nodosum, 
the  fibres  of  the  branch  being  contributed  to  the  pharyngeal,  laryngeal,  and  cardiac 
branches  of  the  vagus.  Fibres  corresponding  to  the  white  rami  communicantes, 
absent  in  the  cervical  nerves,  probably  enter  the  cervical  sympathetic  ganglion 
through  this  ramus. 

The  external  branch  or  the  spinal  portion  runs  backwards  and  downwards  under 
cover  of  the  posterior  belly  of  the  digastric  and  the  sterno-mastoid.  It  usually 
crosses  in  front  of  and  to  the  outer  side  of  the  internal  jugular  vein  and  between  it  and 
the  occipital  artery;  then  it  pierces  the  sterno-mastoid,  supplies  filaments  to 
it,  and  anastomoses  in  its  substance  with  branches  of  the  second  cervical  nerve. 
It  emerges  from  the  posterior  border  of  the  sterno-mastoid  slightly  above  the 
level  of  the  upper  border  of  the  thyreoid  cartilage,  passes  obliquely  downwards  and 
backwards  across  the  occipital  portion  of  the  posterior  triangle,  and  disappears 
beneath  the  trapezius  about  the  junction  of  the  middle  and  lower  thirds  of  the  an- 
terior border  of  that  muscle  (fig.  707) .  In  the  posterior  triangle  it  receives  communi- 
cations from  the  third  and  fourth  cervical  nerves,  and  beneath  the  trapezius  its  fibres 
form  a  plexus  with  other  branches  of  the  same  nerves.  Its  terminal  filaments  are 
distributed  to  the  trapezius  and  they  can  be  traced  almost  to  the  lower  extremity  of 
that  muscle. 

Central  Connections. — The  nuclei  of  origin,  like  other  motor  nuclei,  are  connected  with  the 
somaesthetic  area  of  the  cortex  cerebri  by  the  pyramidal  fibres,  and  they  are  associated  with  the 
sensory  nuclei  of  other  cerebral  nerves  by  the  medial  longitudinal  fasciculus,  and  the  fibres  of 
the  fasciculi  proprii. 

THE  TWELFTH  NERVE— THE  HYPOGLOSSUS 

The  hypoglossal  nerves  are  exclusively  motor;  they  supply  the  genio-hyoidei 
and  the  extrinsic  and  intrinsic  muscles  of  the  tongue  except  the  glosso-palatini.  The 
fibres  of  each  nerve  issue  from  the  cells  of  an  elongated  nucleus  which  lies  in  the  floor 
of  the  central  canal  in  the  lower  half  of  the  medulla  and  in  the  floor  of  the  fourth 
ventricle  in  the  upper  half  beneath  the  trigonum  hypoglossi.  This  nucleus  is  the 
upward  continuation  of  the  ventral  group  of  cells  of  the  ventral  horn  of  the  spinal 
cord.  From  their  origin  the  fibres  run  ventralwards  and  somewhat  lateralwards, 
probably  joined  in  the  medulla  by  a  few  fibres  from  the  nucleus  ambiguus  which  is  a 
segment  of  the  upward  prolongation  of  the  lateral  group  of  cells  of  the  ventral  horn. 
The  conjoined  fibres  issue  from  the  medulla  in  the  sulcus  between  the  pyramid  and 
the  olivary  body,  in  a  series  of  from  ten  to  sixteen  root  filaments,  which  pierce  the 
pia  mater  and  unite  with  each  other  to  form  two  bundles  (fig.  698).  These  bundles 
pass  forwards  and  outwards  to  the  hypoglossal  (anterior  condyloid)  foramen,  where 
they  pierce  the  arachnoid  and  dura  mater.  In  the  outer  part  of  the  foramen  the 
two  bundles  unite  to  form  the  trunk  of  the  nerve.  At  its  commencement,  at  the  base 
of  the  skull,  the  trunk  of  the  hypoglossus  lies  on  the  inner  side  of  the  vagus,  but 
as  it  descends  in  the  neck  it  turns  gradually  around  the  back  and  the  outer  side  of 
the  latter  nerve,  lying  between  it  and  the  internal  jugular  vein,  and  a  little  above 
the  level  of  the  hyoid  bone  it  bends  forwards,  and  crosses  external  to  the  internal 
carotid  artery,  the  root  of  origin  of  the  occipital  artery,  the  external  carotid,  and  the 
loop  formed  by  the  first  part  of  the  lingual  artery  (fig.  707).  After  crossing  the 
lingual  artery  it  proceeds  forwards  on  the  outer  surface  of  the  hyo-glossus,  crossing 
to  the  inner  side  of  the  posterior  belly  of  the  digastric,  and  the  stylo-hyoid  muscles. 
It  disappears  in  the  anterior  part  of  the  submaxillary  region  between  the  mylo- 
hyoid and  the  hyo-glossus,  and  divides  into  its  terminal  branches  between  the 
latter  muscle  and  the  genio-glossus. 

As  it  descends  in  the  neck  the  trunk  lies  deeply  between  the  internal  jugular  vein 
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and  the  internal  carotid  artery  under  cover  of  the  parotid  gland,  the  styloid  muscles, 
and  the  posterior  belly  of  the  digastric,  and  it  is  crossed  superficially  by  the  poste- 
rior auricular  and  the  occipital  arteries.  As  it  turns  forwards  around  the  root  of  the 
occipital  artery  the  sterno-mastoid  branch  of  that  vessel  hooks  downwards  across 
the  nerve,  and  as  it  runs  forwards  on  the  hyo-glossus  muscle  it  lies  immediately 
above  the  ranine  vein.  It  is  crossed  by  the  posterior  belly  of  the  digastric  and  the 
stylo-hyoid  muscle,  and  it  is  covered  superficially,  behind  the  mylo-hyoid,  by  the 
lower  part  of  the  submaxillary  gland. 

Communications. — The  hypoglossus  is  connected  with  the  first  cervical  gan- 
glion of  the  sympathetic,  with  the  ganglion  nodosum  of  the  vagus,  with  the  loop 
between  the  first  and  second  cervical  nerves,  and  with  the  lingual  nerve;  the  latter 
communication  is  established  along  the  anterior  border  of  the  hyo-glossus  (figs.  706 
and  707). 

Terminal  Branches. — (1)  A  meningeal  branch,  frequently  represented  by  two  fila- 


Fig.  707. — The  Hypoglossal,  Glossopharyngeal,  and  Lingual  Nerves.  (Spalteholz.) 
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HyoglossuB  Genio-hyoideus 


THYREO-HYOID  BRANCH 


PHRENIC  NERVE 


Lingual  artery 
Superior  thyreoid  artery 
Thyreo-hyoideus 

BRANCH  TO  THE  STERNO-HYOWEUS 

Common  carotid  artery 


ments,  is  given  off  in  the  hypoglossal  (anterior  condyloid)  canal.  It  passes  backwards 
into  the  posterior  fossa  of  the  cranium  and  is  distributed  to  the  dura  mater.  It 
was  believed  at  one  time  that  the  fibres  of  the  meningeal  branch  were  derived  from 
the  lingual  nerve,  but  it  is  now  deemed  more  probable  that  they  are  fibres  from  the 
cervical  nerves,  the  sympathetic,  or  the  vagus. 

(2)  Branches  which  consist  of  Fibres  derived  from  the  Cervical  Plexus. — 
The  descendens  hypoglossi  and  the  muscular  twig  to  the  thyreo-hyoid  muscle,  though 
apparently  arising  from  the  twelfth  nerve,  consist  entirely  of  fibres  which  have  passed 
into  the  hypoglossal  nerve  from  the  loop  between  the  first  two  cervical  nerves. 

(a)  The  descendens  hypoglossi  parts  company  with  the  hypoglossus  at  the 
point  where  the  latter  hooks  around  the  occipital  artery  (fig.  707) .  It  runs  downwards 
and  slightly  inwards  on  the  sheath  of  the  great  vessels  (occasionally  within  the 
sheath),  and  is  joined  at  a  variable  level  by  branches  from  the  second  and  third 
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cervical  nerves,  forming  with  them  a  loop,  the  ansa  hypoglossi  (fig.  707).  The 
ansa  hypoglossi  may  be  placed  at  any  level  from  a  point  immediately  below  the 
occipital  artery  to  about  four  centimetres  above  the  sternum.  A  twig  to  the  ante- 
rior belly  of  the  omo-hyoid  arises  from  the  descendens  hypoglossi  in  the  upper  part 
of  its  course.  The  nerves  which  supply  the  sterno-hyoid,  sterno-thyreoid,  and 
posterior  belly  of  the  omo-hyoid  are  given  off  by  the  ansa  hypoglossi.  Twigs  from 
the  first  two  nerves  pass  downwards  in  the  muscles  behind  the  manubrium  sterni 
and  in  rare  cases  communicate  with  the  phrenic  nerve  within  the  thorax.  The 
nerve  to  the  posterior  belly  of  the  omo-hyoid  runs  in  a  loop  of  the  cervical  fascia 
below  the  central  tendon  of  the  muscle. 

(b)  The  nerve  to  the  thyreo-hyoid  is  given  off  near  the  tip  of  the  great  cornu 
of  the  hyoid  bone,  and  runs  obliquely  downwards  and  inwards  to  reach  the  muscle. 

(3)  The  true  hypoglossal  branches,  the  •  rami  linguales,  supply  the  stylo- 
glossus, hyo-glossus,  genio-glossus,  the  genio-hyoid,  and  the  intrinsic  muscular  fibres 
of  the  tongue. 

The  nerve  to  the  stylo-glossus  is  given  off  near  the  posterior  border  of  the 
hyo-glossus.  It  pierces  the  stylo-glossus,  and  its  fibres  pursue  a  more  or  less  re- 
current course  within  the  muscle. 

The  nerves  to  the  hyo-glossus  are  several  twigs  which  are  supplied  to  the  muscle 
as  the  hypoglossal  nerve  crosses  it. 

The  nerves  to  the  genio-glossus  and  genio-hyoid  arise  under  cover  of  the 
mylo-hyoid  in  common  with  the  terminal  branches  to  the  intrinsic  muscles  of  the 
tongue.  They  communicate  freely  with  branches  of  the  lingual,  forming  long 
loops  which  lie  on  the  genio-glossus.  From  these  loops  twigs  pass  into  the  genio- 
glossus  and  into  the  muscular  substance  of  the  tongue.  It  is  not  improbable  that  the 
fibres  to  the  genio-hyoid  are  really  derived  from  the  cervical  nerves. 

Central  Connections. — The  nucleus  of  origin  of  the  hypoglossus  is  associated  with  the  som- 
a^sthetic  area  (operculum)  of  the  cortex  cerebri  of  the  opposite  side  by  the  pyramidal  fibres,  and 
it  is  connected  with  the  sensory  nuclei  (nuclei  of  termination)  of  other  cranial  nerves  by  the 
medial  longitudinal  fasciculus. 


THE  DISTRIBUTION  OF  THE  CUTANEOUS  BRANCHES  OF  THE  SEN- 
SORY AND  MIXED  CRANIAL  AND  SPINAL  NERVES 

The  cutaneous  filaments  of  the  sensory  and  mixed  nerves  are  distributed  to 
definite  regions  of  the  surface  of  the  body  which  are  known  as  'cutaneous  areas.' 
Each  cutaneous  area  has  one  special  nerve  of  supply  and  the  central  part  of  the 
area  receives  that  nerve  alone,  but  wherever  the  borders  of  two  areas  meet  they 
reciprocally  overlap,  therefore  each  margin  of  every  cutaneous  area  has  two  nerves 
of  supply,  its  own  nerve  and  that  of  an  adjacent  area,  and  of  these,  sometimes  one 
and  sometimes  the  other  preponderates. 

The  Cutaneous  Areas  of  the  Scalp 

The  limits  of  the  cutaneous  areas  in  the  scalp  region  are  indicated  in  figs.  708, 
710,  but  in  general  terms  it  may  be  said  that  the  skin  of  the  scalp  in  front  of  the  pinna 
is  supplied  by  four  cutaneous  nerves,  viz.,  the  mesial  part  by  the  supratrochlear 
and  the  supra-orbital  branches  of  the  first  division  of  the  trigeminus,  and  the  lateral 
part  by  the  temporal  branch  of  the  second  division,  and  the  auriculo- temporal  branch 
of  the  third  division  of  the  same  nerve. 

The  portion  of  the  scalp  behind  the  pinna  also  receives  four  cutaneous  nerves; 
laterally  it  is  supplied  by  the  great  auricular  and  small  occipital  branches  of  the 
cervical  plexus  which  contain  filaments  from  the  second  and  third  cervical  nerves, 
and  medially  it  receives  the  great  and  smallest  occipital  nerves  which  are  derived 
from  the  internal  branches  of  the  posterior  primary  divisions  of  the  second  and 
third  cervical  nerves  respectively. 

The  Cutaneous  Areas  of  the  Face 

With  the  exception  of  the  skin  over  the  posterior  part  of  the  masseter  muscle  the 
whole  of  the  skin  of  the  face  is  supplied  by  the  branches  of  the  trigeminus.  The 
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nose  is  supplied  medially  by  the  supratrochlear,  the  infratrochlear,  and  the  nasal 
branches  of  the  first  division,  and  laterally  by  the  infra-orbital  branch  of  the  second 
division.  The  upper  eyelid  is  supplied  by  the  supratrochlear,  the  supra-orbital, 
and  the  lachrymal  branches  of  the  first  division;  the  lower  eyelid  by  the  infra- 
trochlear branch  of  the  first  division  and  by  the  infra-orbital  and  the  zygomatico- 
facial (malar)  branches  of  the  second  division.    The  skin  over  the  upper  jaw  and  the 

Fig.  708. — Diagram  of  the  Cutaneous  Nerve  Areas  of  the  Head  and  Neck. 

Red — First  division  of  trigeminus.  White — Second  division  of  trigeminus. 
Blue — Third  division  of  trigeminus. 

Dark  shading — Posterior  primary  divisions  of  cervical  nerves. 
Oblique  shading — Ascending  and  transverse  superficial  branches  of  cervical  plexus. 
Transverse  shading — Descending  superficial  branches  of  cervical  plexus. 
It  must  be  remembered  that  the  boundaries  of  each  area  are  not  distinct;  wherever  two 
areas  meet  they  overlap. 


zygomatic  (malar)  bone  is  supplied  by  the  infra-orbital  and  zygomatico-facial 
branches  of  the  second  division,  that  over  the  buccinator  by  the  buccal  branch  of  the 
third  division,  and  that  over  the  lower  jaw,  from  before  backwards,  by  the  mental, 
buccal,  and  auriculo-temporal  branches  of  the  third  division,  except  a  small  part  near 
the  posterior  border  which  receives  its  supply  from  the  great  auricular  nerve. 
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The  Cutaneous  Areas  of  the  Pinna 

The  upper  two-thirds  of  the  outer  surface  of  the  pinna  are  supplied  by  the  auriculo- 
temporal branch  of  the  third  division  of  the  trigeminus,  and  the  lower  third  by  twigs 
of  the  great  auricular  nerve.  The  lower  three-fourths  of  the  cranial  surface  of  the 
pinna  are  supplied  by  the  great  auricular  nerve,  and  the  upper  fourth  by  the  small 
occipital  nerve.  The  posterior  surface  of  the  external  auditory  meatus  receives  fila- 
ments from  the  auricular  branch  of  the  vagus. 

The  Cutaneous  Areas  of  the  Neck 

The  skin  over  the  anterior  part  of  the  neck  is  supplied  by  the  superficial  cervical 
branch  of  the  cervical  plexus,  which  contains  filaments  of  the  second  and  third 
cervical  nerves,  and,  in  the  lower  part  of  its  extent,  by  the  anterior  supra-clavicular 
nerves  (suprasternal  branches)  which  convey  twigs  of  the  third  and  fourth  cervical 

Fig  709. — Diagram  of  the  Cutaneous  Areas  of  the  Side  of  the  Body  and  Part  of 

.the  Limb.    (After  Head.) 


nerves  (fig.  708).  The  lateral  part  of  the  neck  receives  filaments  from  the  second, 
third,  and  fourth  cervical  nerves  by  way  of  the  great  auricular,  small  occipital, 
and  middle  supraclavicular  (supra-clavicular)  branches  of  the  cervical  plexus,  and 
posteriorly  the  skin  of  the  neck  is  supplied  by  the  small  occipital  nerve  and  by 
the  internal  branches  of  the  posterior  primary  divisions  of  the  cervical  nerves  from 
the  second  to  the  sixth  inclusive  (fig.  710). 

The  Cutaneous  Areas  of  the  Trunk 

The  skin  over  the  ventral  aspect  of  the  trunk  as  far  down  as  the  third  rib  is 
supplied  by  the  anterior  supra-clavicular  (suprasternal)  and  middle  supra-clavicular 
(supra-clavicular)  branches  of  the  cervical  plexus,  which  contain  filaments  from  the 
third  and  fourth  cervical  nerves  (fig.  710) .  From  the  third  rib  to  the  lower  part  of  the 
abdominal  wall  it  receives  the  anterior  cutaneous  branches,  and  the  anterior  divisions 
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Fig.  710. — Diagram  showing  Areas  of  Distribution  of  Cutaneous  Nerves. 

Head: —  ..... 

Red — First  division  of  trigeminus.  White — Second  division  of  trigeminus.  Blue— Third 
division  of  trigeminus.  Dark  area — Posterior  primary  divisions  of  cervical  nerves. 
Oblique  and  transverse  shading — Branches  of  cervical  plexus. 

Body  and  Limbs: —  _  _ 

Recl — Anterior  branches  of  anterior  primary  divisions.  Blue — Posterior  branches  of  anterior 
primary  divisions.  Two  colours  in  one  area  indicate  that  the  area  is  supplied  by  two  sets 
of  nerves,  and  it  should  be  remembered  that  wherever  two  nerve  areas  approach  each 
other  they  overlap.  The  dotted  blue  area  of  the  small  sciatic  indicates  that  the  nerve 
comes  from  the  posterior  as  well  as  from  the  anterior  parts  of  the  anterior  primary  di- 
visions of  the  sacral  nerves,  but  it  supplies  a  flexor  area.  The  area  of  the  perforating 
cutaneous  nerve  is  left  uncoloured,  because  its  true  nature  is  uncertain.    Dark  shading 

 Posterior  primary  divisions.    The  numbers  and  initial  letters  refer  to  the  respective 

spinal  nerves  from  which  the  nerves  are  derived. 
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of  the  lateral  cutaneous  branches  of  the  thoracic  nerves  except  the  first,  second,  and 
twelfth  (fig.  710).  The  skin  over  the  lower  and  anterior  part  of  the  abdominal 
wall  is  supplied  by  the  ilio-hypogastric  branch  of  the  first  lumbar  nerve. 

The  cutaneous  supply  of  the  lateral  aspects  of  the  body  is  derived  from  the  lateral 
branches  of  the  anterior  primary  divisions  of  the  thoracic  nerves  from  the  second  to 
the  eleventh,  and  the  skin  over  the  dorsal  aspect  of  the  body  is  supplied  laterally 
by  the  posterior  divisions  of  the  lateral  branches  of  the  thoracic  nerves  from  the 
third  to  the  eleventh,  and  medially  by  the  posterior  primary  divisions  of  the  thoracic 
nerves,  in  the  upper  half  by  their  medial  branches  and  in  the  lower  half  principally 
by  their  lateral  branches. 


THE  CUTANEOUS  NERVE-SUPPLY  OF  THE  LIMBS 

The  areas  of  skin  of  the  upper  and  lower  limbs  which  are  supplied  by  the  branches 
of  the  brachial,  lumbar,  and  sacral  plexuses  are  indicated  in  fig.  710,  and  the  spinal 
nerves  which  contribute  to  each  nerve  are  noted.  The  question  of  the  skin  areas 
supplied  by  any  given  spinal  nerve  is  one  of  great  clinical  importance,  in  connection 
with  the  diagnosis  of  injuries  of  nerves  and  of  pathological  conditions  affecting  them. 
Therefore,  considerable  attention  has  been  directed  to  the  matter  and  it  has  been 
found  that  the  areas  which  become  hypersensitive  when  certain  spinal  nerve-roots  are 
irritated,  or  insensitive  when  the  roots  are  destroyed,. do  not  correspond  exactly  with 
the  regions  to  which  the  fibres  of  the  roots  can  apparently  be  traced  by  dissection. 
Moreover,  it  has  been  discovered,  partly  by  clinical  observations  on  the  human  sub- 
ject and  partly  by  experiment  on  monkeys,  that  the  nerves  of  the  limbs  have  a  more 
or  less  definite  segmental  distribution.  To  understand  clearly  this  segmental  arrange- 
ment the  reader  must  remember  that  in  the  embryonic  stage  when  no  limbs  are 
present  the  body  is  formed  of  a  series  of  similar  segments,  each  of  which  is  pro- 
vided with  its  own  nerve.  At  a  later  stage  when  the  limbs  grow  outwards,  each 
limb  is  formed  by  portions  of  a  definite  number  of  segments  which  fuse  together 
into  a  common  mass  of  somewhat  wedge-like  outline.  Each  rudimentary  limb 
possesses  a  dorsal  and  a  ventral  surface.  The  dorsal  surfaces  of  both  the  upper  and 
the  lower  limbs  are  originally  the  extensor  surfaces,  and  the  ventral  surfaces  the 
flexor  surfaces,  but,  as  the  upper  limb  rotates  outwards  and  the  lower  limb  rotates 
inwards  as  development  proceeds,  in  the  adult,  the  extensor  surface  of  the  upper 
limb  becomes  the  dorsal  surface,  and  the  extensor  surface  of  the  lower  limb,  the 
ventral  surface.  The  preaxial  border  of  the  upper  limb  is  the  radial  or  thumb  border, 
and  the  postaxial  border,  the  ulnar  or  little  finger  border.  The  preaxial  border  of 
the  lower  limb  is  the  tibial  or  great  toe  border,  and  the  postaxial  border,  the  fibular 
or  little  toe  border.  As  projections  of  the  segments  of  the  body  grow  out  to  form 
the  limbs  each  projection  carries  with  it  the  whole  or  part  of  the  nerve  of  the  seg- 
ment to  which  it  belongs,  and  therefore  the  number  of  body  segments  which  take 
part  in  a  limb  is  indicated  by  the  number  of  spinal  nerves  which  pass  into  it.  If 
these  facts  are  remembered  it  will  naturally  be  expected  (1)  that  the  highest  spinal 
nerves  passing  into  a  limb  will  be  associated  with  its  preaxial  portion  and  the  lowest 
with  its  postaxial  portion;  (2)  that  the  highest  and  lowest  segments  in  each  limb 
area  will  take  a  smaller  part  in  the  formation  of  the  limb  than  the  middle  segments; 
and  (3)  that,  consequently,  the  highest  and  lowest  nerves  will  pass  outwards  into 
the  limb  for  a  shorter  distance  than  the  middle  nerves.  Observers  are  not  yet  in 
perfect  agreement  as  to  the  exact  distribution  of  each  nerve,  but  the  reader  who 
studies  the  diagrams  on  pages  991  to  997,  which  are  modified  from  the  figures  pub- 
lished by  Head  and  Thorburn  as  records  of  the  results  of  their  clinical  observations, 
will  have  no  difficulty  in  recognising  a  dorso-ventral  segmental  arrangement  in  the 
lower  portions  of  both  the  upper  and  lower  limbs.  In  the  upper  parts  of  the  lower 
limbs,  however,  the  original  segmental  distribution  appears  to  be  masked.  This 
may  be  due  (1)  partly  to  the  fact  that  the  areas  recognisable  by  clinical  phenomena 
do  not  correspond  exactly  with  the  areas  to  which  definite  dorsal  root-fibres  are  dis- 
tributed, but  rather  to  definite  segments  of  the  grey  substance  of  the  spinal  cord 
with  which  the  root-fibres  are  connected;  (2)  partly  to  the  overlapping  of  segments 
and  the  acquired  preponderance  of  one  nerve  over  another  in  the  overlapping  areas, 
and  (3)  partly  to  the  incompleteness  of  the  data  which  are  at  our  disposal  in  the 
case  of  the  human  subject.  Sherrington  has  proved  that  in  the  monkey  the  sensory 
63  . 
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areas  of  the  limbs  are  arranged  in  serial  correspondence  with  the  spinal  nerves,  the 
middle  nerves  of  each  limb  series  passing  to  the  distal  extremity  while  the  higher  and 
lower  nerves  are  limited  to  the  proximal  regions.  Thorburn's  observations,  which 
differ  from  Head's,  are,  especially  as  regards  the  upper  limb,  in  close  conformity  with 
the  results  obtained  by  Sherrington's  experiments  on  monkeys. 


The  skin  over  the  upper  third  of  the  deltoid  muscle  is  supplied  by  the  posterior 
supra-clavicular  (supra-acromial)  and  middle  supra-clavicular  (supra-clavicular) 
nerves,  which  are  branches  of  the  cervical  plexus  containing  fibres  of  the  third  and 
fourth  cervical  nerves,  and  that  over  the  lower  two-thirds  by  the  axillary  (circumflex) 
nerve  which  conveys  fibres  of  the  fifth  and  sixth  cervical  nerves  (fig.  710). 

The  skin  over  the  front  of  the  upper  arm  is  supplied  externally  by  the  axillary 
(circumflex)  nerve  above,  and  below  by  the  superior  branch  of  the  dorsal  antibra- 
chial  cutaneous,  the  external  cutaneous  branch  of  the  radial  (musculo-spiral)  nerve. 
The  former  contains  filaments  of  both  the  fifth  and  sixth  cervical  nerves,  and  the 
latter  filaments  of  the  sixth  alone.  The  skin  of  the  inner  side  of  the  upper  arm  is 
supplied  by  the  medial  antibrachial  cutaneous  (internal  cutaneous)  nerve  with 

Fig.  711. — Diagram  of  the  Cutaneous  Areas  of  the  Upper  Extremity. 
(Modified  from  Head.) 


fibres  of  the  eighth  cervical  and  first  thoracic  nerves,  and  by  the  medial  brachial 
cutaneous  (lesser  internal  cutaneous)  and  intercosto-brachial  (intercosto-humeral) 
nerves  which  are  derived  from  the  first  and  second  thoracic  nerves.  The  back  of 
the  upper  arm  is  supplied,  externally,  by  the  fifth  and  sixth  cervical  nerves  through 
the  axillary  (circumflex)  nerve  and  by  the  dorsal  antibrachial  cutaneous;  the  middle 
portion,  by  the  eighth  cervical  nerve  through  the  posterior  brachial  cutaneous, 
the  internal  cutaneous  branch  of  the  radial  (musculo-spiral)  nerve;  and  the  inner 
portion  by  the  first  and  second  thoracic  nerves  through  the  medial  brachial  cutaneous 
(lesser  internal  cutaneous)  nerve,  and  the  intercosto-brachial  (intercosto-humeral) 
nerve  (fig.  710). 

The  front  of  the  forearm  is  divided  into  two  areas,  an  outer,  which  is  supplied 
by  the  fifth,  sixth,  and  possibly  the  seventh  cervical  nerves,  through  the  musculo- 
cutaneous branch  of  the  brachial  plexus,  and  an  inner,  supplied  by  the  eighth 
cervical  and  first  thoracic  nerve  through  the  medial  antibrachial  cutaneous 
(internal  cutaneous)  nerve.  On  the  back  of  the  forearm  there  are  three  areas: — (1)  an 
outer,  supplied  by  fibres  of  the  fifth  and  sixth  cervical  nerves  through  the  mus- 
culo-cutaneous  nerve;  (2)  a  middle,  which  receives  fibres  of  the  sixth,  seventh, 
and  eighth  cervical  nerves  through  the  lower  branch  of  the  dorsal  antibrachial  cu- 
taneous of  the  radial  (inferior  external  cutaneous  branch  of  the  musculo-spiral  nerve), 
and  (3)  an  inner  which  receives  the  eighth  cervical  and  first  thoracic  nerves  through 
the  medial  antibrachial  cutaneous  (fig.  710). 
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The  front  of  the  hand  is  supplied  by  the  sixth,  seventh,  and  eighth  cervical  nerves 
and  by  the  first  thoracic  nerve  through  the  superficial  radial  (radial)  nerve,  and 
through  the  median  and  ulnar  nerves.  The  superficial  radial  supplies  the  radial  side 
of  the  thumb  by  its  palmar  cutaneous  branch.  The  remainder  of  the  palm  and  the 
palmar  aspects  of  the  fingers  are  supplied  by  the  median  and  ulnar  nerves  through 
their  palmar  cutaneous  and  digital  branches,  the  median  supplying  three  and  a  half 
digits  and  the  ulnar  the  remaining  one  and  a  half  (fig.  710). 

The  dorsal  aspect  of  the  hand  is  supplied  by  the  sixth,  seventh,  and  eighth  cervical 
nerves,  which  reach  it  through  the  superficial  radial  (radial)  and  through  the  median 

Fig.  712. — Diagram  of  the  Cutaneous  Areas  op  the  Upper  Extremity. 

(After  Thorburn.) 


and  ulnar  nerves.  The  superficial  radial  supplies  the  outer  part  of  the  dorsum  and  the 
outer  three  and  a  half  digits,  except  the  lower  portions  of  the  second,  third,  and  half 
of  the  fourth  digits,  which  receive  twigs  from  the  median  nerve;  the  ulnar  nerve 
supplies  the  ulnar  half  of  the  dorsum  of  the  hand,  including  the  inner  one  and  a  half 
digits.  The  areas  supplied  by  definite  spinal  nerves,  according  to  the  observations  of 
Head  and  Thorburn,  are  shown  in  figures  711  and  712  respectively. 


There  are  six  cutaneous  areas  in  the  region  of  the  buttock,  three  upper  and  three 
lower.  Of  the  upper  areas  the  outer  is  supplied  by  the  anterior  primary  divisions 
of  the  last  thoracic  and  first  lumbar  nerves  through  the  iliac  branches  of  the  last 
thoracic  and  the  ilio-hypogastric  nerves;  the  middle  upper  area  receives  the  lateral 
divisions  of  the  posterior  primary  branches  of  the  upper  three  lumbar  nerves,  and  the 
inner  upper  area  is  supplied  by  twigs  from  the  lateral  branches  of  the  posterior 
primary  divisions  of  the  upper  two  or  three  sacral  nerves  (fig.  710). 

Of  the  lower  three  areas,  the  outer  receives  filaments  from  the  second  and  third 
lumbar  nerves  through  the  lateral  femoral  cutaneous  (external  cutaneous)  branch  of 
the  lumbar  plexus;  the  middle  area  is  supplied  by  the  first,  second,  and  third  sacral 
nerves  through  the  posterior  femoral  cutaneous  (small  sciatic)  nerve;  and  the  inner 
area  by  the  second  and  third  sacral  nerves  through  the  medial  inferior  clunial  (per- 
forating cutaneous)  branch  of  the  sacral  plexus  (fig.  710). 

On  the  back  of  the  thigh  there  are  three  areas.  The  inner  and  the  outer  are 
supplied  by  the  second  and  third  lumbar  nerves,  the  former  through  the  lateral 
femoral  cutaneous  (external  cutaneous)  branch  of  the  lumbar  plexus,  and  the  latter 
through  the  anterior  cutaneous  branches  of  the  femoral  (internal  cutaneous  branch 
of  the  anterior  crural)  nerve.  The  middle  area  receives  twigs  from  the  first, 
second,  and  third  sacral  nerves  through  the  posterior  femoral  cutaneous  (small 
sciatic) ,  a  branch  of  the  sacral  plexus. 

The  front  of  the  thigh  is  supplied  by  the  first,  second,  and  third  lumbar  nerves, 
and  there  are  five  cutaneous  areas.  The  outer  area  receives  twigs  of  the  second  and 
third  lumbar  nerves  through  the  lateral  (external)  cutaneous  nerve.    There  are 
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two  mesial  areas,  an  upper  and  a  lower.  The  former  is  supplied  by  the  lumbo-inguinal 
(crural)  branch  of  the  genito-femoral  (geni to-crural) ,  which  conveys  twigs  of  the 
first  and  second  lumbar  nerves;  the  latter  receives  fibres  of  the  second  and 
third  lumbar  nerves  through  one  of  the  anterior  (middle)  cutaneous  branches  of 
the  femoral  (anterior  crural)  nerve.  The  small  upper  and  inner  area  is  supplied 
by  the  first  lumbar  nerve  through  the  ilio-inguinal,  and  the  lower  inner  area 
receives  twigs  of  the  second  and  third  lumbar  nerves  through  one  of  the  anterior 
cutaneous  branches  (internal  cutaneous)  of  the  femoral  (anterior  crural)  nerve 


The  front  of  the  knee  is  supplied  by  the  second,  third,  and  fourth  lumbar  nerves 
through  the  anterior  (middle  and  internal)  cutaneous  and  saphenous  (long  saphenous) 
branches  of  the  femoral  (fig.  710). 

Of  the  skin  over  the  region  of  the  popliteal  space,  the  inner  portion  receives 
fibres  from  the  second,  third,  and  fourth  lumbar  nerves  through  the  anterior  (inter- 
nal) cutaneous  branch  of  the  femoral  (anterior  crural)  nerve  and  through  the  super- 
ficial division  of  the  obturator  nerve;  the  middle  and  lateral  portion  receives  twigs 
of  the  first  three  sacral  nerves  through  the  posterior  cutaneous  (small  sciatic)  nerve 


Fig.  713. — Diagram  of  the  Cutaneous  Areas  of  the  Lower  Extremity.  (After  Head.) 


The  skin  over  the  front  and  inner  side  of  the  leg  is  supplied  by  the  third  and 
fourth  lumbar  nerves  through  the  saphenous  nerve,  and  the  skin  of  the  front  and 
outer  side  of  the  leg  receives  nerve-fibres  from  the  fifth  lumbar,  and  the  first  and 
second  sacral  nerves  through  the  sural  cutaneous  (fibular  communicating)  branch 
of  the  common  peroneal  (external  popliteal)  nerve.  The  skin  of  the  lower  and  mid- 
dle part  of  the  front  of  the  leg  is  supplied  by  the  superficial  peroneal  (musculo- 
cutaneous) nerve  which  conveys  filaments  of  the  fourth  and  fifth  lumbar  and  the 
first  sacral  nerve  (fig.  710). 

In  the  skin  of  the  back  of  the  leg  five  areas  can  be  distinguished,  two  inner, 
upper  and  lower,  two  middle,  upper  and  lower,  and  an  outer  area.  The  upper 
inner  area  is  supplied  by  the  second,  third,  and  fourth  lumbar  nerves  through  an 
anterior  cutaneous  branch  (internal  cutaneous)  of  the  femoral  (anterior  crural) 
nerve  and  the  superficial  branch  of  the  obturator  nerve.  The  lower  inner  area 
receives  filaments  from  the  third  and  fourth  lumbar  nerves  through  the  saphenous 
nerve.  The  upper  middle  area  is  supplied  by  the  first,  second,  and  third  sacral  nerves 


(fig.  710). 


(fig.  710). 
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through  the  posterior  femoral  cutaneous  (small  sciatic)  nerve,  and  the  lower  middle 
area  by  the  first  and  second  sacral  nerves  through  the  sural  (external  saphenous) 
nerve.  The  outer  area  is  supplied  by  the  fifth  lumbar  and  the  first  and  second  sacral 
nerves  through  the  lateral  sural  cutaneous  (fibular  communicating)  of  the  common 
peroneal  (external  popliteal)  nerve  (fig.  710). 

The  skin  of  the  dorsum  of  the  foot  is  supplied  principally  by  the  fourth  and 
fifth  lumbar  and  by  the  first  sacral  nerves;  the  majority  of  the  nerve-fibres 
travel  by  the  superficial  peroneal  (musculo-cutaneous)  nerve,  but  the  adjacent  sides 
of  the  first  and  second  toes  are  supplied  by  the  femoral  (anterior  crural)  nerve  and 
the  outer  side  of  the  dorsum  of  the  little  toe  is  supplied  by  the  first  and  second 
sacral  nerves  through  the  sural  (external  saphenous)  (fig.  710). 

The  skin  of  the  region  of  the  heel  is  supplied  by  the  first  and  second  sacral  nerves, 
the  inner  surface  and  inner  part  of  the  under  surface  by  the  medial  calcaneal 
branches  of  the  tibial  (calcaneo-plantar)  nerve  and  the  posterior,  external,  and  lower 
aspects  by  the  sural  (external  saphenous)  nerve  (fig.  710). 

Fig.  714. — Diagram  of  the  Cutaneous  Areas  of  the  Lower  Extremity. 

(After  Thorburn.) 


The  sole  of  the  foot  in  front  of  the  heel  receives  cutaneous  fibres  from  the 
last  two  lumbar  and  the  first  two  sacral  nerves ;  the  inner  area,  which  includes  the 
inner  three  and  a  half  digits,  being  supplied  by  the  medial  plantar  nerve  which 
conveys  fibres  of  the  fourth  and  fifth  lumbar  and  the  first  sacral  nerves;  and  the 
outer  area  by  the  first  and  second  sacral  nerves  through  the  lateral  plantar  nerve. 

The  inner  side  of  the  foot  is  supplied  by  the  third  and  fourth  lumbar  nerves 
through  the  saphenous  nerve  and  the  outer  side  by  the  first  and  second  sacral  nerves 
through  the  sural  (external  saphenous)  nerve  (fig.  710). 

The  skin  of  the  scrotum  and  penis  is  supplied  by  the  first  lumbar  nerve  through 
the  ilio-inguinal  nerves,  and  the  second  and  third  sacral  nerves  through  the  perineal 
and  dorsal  penile  branches  of  the  pudendal  (pudic)  nerve  (fig.  710). 

The  cutaneous  areas  of  the  lower  extremity  which  have  been  demarcated  by 
Head  and  Thorburn  are  shown  in  figs.  713  and  714. 
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THE  SYMPATHETIC  SYSTEM 

The  so-called  sympathetic  system  is  that  portion  of  the  nervous  system  which  is 
especially  concerned  in  the  distribution  of  impulses  to  the  glandular  tissues,  to  the 
muscle  of  the  heart,  and  to  the  non-striated  muscular  tissue  of  the  body  wherever 
found.  Since  these  tissues  are  most  abundant  in  and  largely  comprise  the  viscera  or 
splanchnic  organs  of  the  body,  the  largest  and  most  evident  of  the  structures  com- 
prising the  sympathetic  system  are  found  either  in  or  near  the  cavities  containing  the 
viscera.  However,  the  finer  divisions  of  the  system  ramify  throughout  the  whole 
body,  supplying  vaso-motor  fibres  to  the  blood-vessels  throughout  their  course,  con- 
trolling the  glands  of  the  skin,  and  supplying  pilo-motor  fibres  for  the  hairs,  form- 
ing intrinsic  plexuses  within  the  walls  of  the  viscera,  and  certain  of  its  fibres  convey 
impulses  towards  the  central  system  (sensory  sympathetic  neurones).  While  it  is 
very  probable  that  certain  of  the  simpler  reactions  of  the  splanchnic  organs  may  be 
mediated  by  the  sympathetic  system  alone,  yet  the  sympathetic  is  by  no  means  in- 
dependent of  the  cerebro-spinal  system,  but  is  rather,  both  anatomically  and  func- 
tionally, merely  a  part  of  one  continuous  whole.  Throughout,  it  shares  its  domain 
of  termination  with  cerebro-spinal  fibres,  chiefly  of  the  sensory  variety,  and  most  of 
its  rami  and  terminal  branches  carry  a  few  cerebro-spinal  fibres  towards  their  areas 
of  distribution.  Likewise  the  cerebro-spinal  nerves  carry  numerous  sympathetic 
fibres  gained  by  way  of  rami  connecting  the  two  systems. 


Fig.  715. — Diagram  showing  (1)  the  Growth  of  the  Primitive  Ganglia  from  the  Neural 
Crest;  (2)  the  Division  of  the  Primitive  Ganglia  into  Spinal  and  Sympathetic 
Portions,  and  (3)  the  Formation  of  the  Nerves. 
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Like  the  cerebro-spinal  system,  the  sympathetic  consists  of  cell-bodies,  each  of 
which  gives  off  one  axone.  In  addition,  the  cell-bodies  give  off  numerous  dichoto- 
mously  branched  dendrites  by  which  their  receptive  surfaces  are  increased,  and  they 
are  accumulated  into  ganglia,  large  and  small.  The  larger  ganglia  have  more  or  less 
constant  positions,  shapes,  and  arrangements,  while  the  smaller,  some  of  which  are 
microscopic,  are  scattered  throughout  the  body  in  a  seemingly  more  indefinite  manner. 
The  axones  or  fibres  arising  in  these  ganglia  are  given  off  in  trunks  and  rami  which 
connect  the  ganglia  with  each  other  or  with  the  cerebro-spinal  system,  or  which  pass 
from  the  ganglia  to  be  distributed  directly  upon  their  allotted  elements. 

The  sympathetic  fibres  arising  from  the  ganglia  are,  for  the  most  part,  either 
totally  non-medullated  or  partially  medullated.  Some  fibres  are  medullated  near 
theircells  of  origin,  but  lose  their  medullary  sheaths  before  reaching  their  terminations. 
Some  of  them  possess  complete  medullary  sheaths  throughout,  but  in  no  cases  are  the 
sheaths  as  thick  or  well  developed  as  is  the  rule  with  the  cerebro-spinal  fibres.  Thus, 
nerve-trunks  and  rami  in  which  sympathetic  fibres  predominate  appear  greyish  in 
colour  and  more  indefinite,  as  distinguished  from  those  of  the  cerebro-spinal  nerves, 
which  always  appear  a  glistening  white,  due  to  light  being  reflected  from  the 
myelin  of  the  sheaths  of  their  fibres. 

Origin  of  the  sympathetic  system. — Not  only  must  the  cerebro-spinal  and 
sympathetic  systems  be  considered  anatomically  continuous  and  dependent,  but  also 
the  neurones  of  the  two  systems  have  a  common  origin,  namely,  the  ectoderm  of  the 
dorsal  mid-line  of  the  embryo.  The  cells  of  the  neural  crest  (see  p.  753)  become 
arranged  in  segmental  groups  and  soon  separate  into  two  varieties: — those  which  will 


THE  SYMPATHETIC  SYSTEM 


999 


remain  near  the  spinal  cord  and  develope  into  the  spinal  ganglia,  and  those  which, 
during  the  growth  processes,  migrate  and  become  displaced  further  into  the  periphery 
and  form  the  sympathetic  ganglia. 


Fig.  716. — Scheme  showing  General  Plan  of  the  Coarser  Portions  of  the  Sympa- 
thetic Nervous  System  and  its  Principal  Communications  with  the  Cerebro-spinal 
System.    (After  Flower,  modified.) 
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The  migration  from  the  vicinity  of  the  central  system  occurs  to  varying  extents, 
so  that  in  the  adult  the  cells  comprise  three  general  groups  of  ganglia  situated 
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different  distances  away  from  the  vertebral  column- — (1)  A  large  portion  of  the  cells 
remain  near  the  central  system  and  form  a  linear  series  of  ganglia  which,  with  the 
trunks  connecting  them,  become  two  gangliated  nerve-cords  extending  along  each  side, 
proximal  to  and  parallel  with  the  vertebral  column;  (2)  a  still  larger  portion  of  the 
cells  migrate  further  towards  the  periphery  and  are  accumulated  into  ganglia  which 
assume  an  intermediate  position  and  which,  with  the  rami  connecting  them  with  each 
other  and  with  other  structures,  form  a  series  of  great  ■prevertebral  plexuses;  (3)  still 
other  cells  wander  even  further  away  from  the  locality  of  their  origin  and  invade  the 
very  walls  of  the  organs  innervated  by  the  sympathetic  system.  The  latter  cells 
occur  as  numerous  small  terminal  ganglia,  most  of  which  are  microscopic  and  which, 
with  the  twigs  connecting  them,  form  the  most  peripheral  of  the  sympathetic  plexuses. 
Examples  of  these  are  the  intrinsic  ganglia  of  the  heart  and  pancreas  and  the  plexuses 
of  Auerbach  and  Meissner  in  the  walls  of  the  digestive  canal.    Small,  straggling 


ganglia  may  be  found  scattered  between  these  three  general  groups.  The  supporting 
tissue  of  the  sympathetic  system  accumulates  early  and  is  probably  all  of  mesodermic 
origin. 

Construction  of  the  sympathetic  system. — The  sympathetic  ganglia  may  be 
considered  as  relays  in  the  pathways  for  the  transmission  of  impulses  from  the  region 
in  which  they  arise  to  the  tissues  in  which  they  are  distributed;  the  cells  composing 
the  ganglia  are  the  cell-bodies  of  the  neurones  interposed  in  the  various  neurone 
chains  performing  this  function.  A  fibre  arising  from  a  cell-body  in  a  given  ganglion 
may  pass  out  of  the  ganglion  and  proceed  directly  to  its  termination  upon  a  smooth 
muscle-fibre  or  gland-cell,  or  it  may  pass  through  a  connecting  trunk  to  another 
ganglion  and  there  terminate  about  and  thus  transmit  the  impulse  to  another  cell, 
which,  in  its  turn,  may  give  off  the  fibre  which  bears  the  impulse  to  the  appropriate 
tissue-element.  Fibres  arising  in  given  ganglia  .may  pass  through  other  ganglia  and 
proceed  uninterrupted  to  their  respective  destinations.    On  the  other  hand,  several 
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neurones  may  be  involved  in  the  transmission  of  a  given  impulse  when  sent  from  a 
region  distant  from  the  tissue  to  which  it  is  distributed. 

Communication  between  the  central  nervous  system  and  the  sympathetic  is 
established  through  both  efferent  and  afferent  fibres.  In  the  region  of  the  spinal  cord 
both  varieties  of  fibres  pass  from  one  system  to  the  other  by  way  of  the  rami  com- 
municantes,  delicate  bundles  of  fibres  connecting  the  nearby  sympathetic  trunk  with 
the  respective  spinal  nerves.  The  efferent  fibres  of  the  rami  arise  in  the  ventral  hom 
of  the  spinal  cord,  emerge  through  the  ventral  roots,  enter  the  rami,  and  terminate  for 
the  most  part  about  the  cells  of  the  nearest  sympathetic  ganglion;  some,  however, 
may  pass  through  or  over  the  ganglion  of  the  sympathetic  cord  and  terminate  about 
cells  in  more  distant  ganglia.  Since  these  fibres  transmit  impulses  from  the  central 
to  the  sympathetic  system,  they  are  known  as  efferent  splanchnic  fibres.  They 
are  of  smaller  size  than  is  the  average  for  the  cerebro-spinal  efferent  or  motor  fibres 
of  the  ventral  root.  The  afferent  splanchnic  fibres  are  of  two  varieties: — (1)  Per- 
ipheral processes  of  the  spinal  ganglion-cells  which  run  outwards  in  the  nerve-trunk, 
enter  the  rami  communic antes,  pass  through  the  various  connecting  trunks  and  ter- 
minal rami  of  the  sympathetic  and  terminate  in  the  tissues  supplied  by  these  rami. 
Such  are  merely  sensory  fibres  of  the  cerebro-spinal  type  which  collect  impulses  in 
the  domain  of  the  sympathetic  and  convey  them  to  the  central  system  by  way  of  the 
sympathetic  nerves  and  the  dorsal  roots  of  the  spinal  nerves.  (2)  Afferent  sympa- 
thetic fibres  proper.  The  actual  existence  of  these  has  not  been  long  established,  and 
their  relative  abundance  is  as  yet  uncertain.  They  consist  of  fibres  arising  in  the 
sympathetic  ganglia  which  enter  the  spinal  ganglia  by  way  of  the  rami  communicantes 
and  the  cerebro-spinal  nerve-trunk  and  terminate  in  arborisations  about  the  spinal 
ganglion-cells,  chiefly  about  the  Dogiel  cells  of  type  II  (D,  fig.  717).  The  afferent 
impulses  transmitted  by  these  sympathetic  fibres  are  borne  into  the  spinal  cord  by 
way  of  the  cerebro-spinal  fibres  of  the  dorsal  roots.  They  must  necessarily  either 
receive  the  impulses  they  bear  from  sympathetic  neurones  having  both  peripheral 
and  central  processes  or  they  themselves  must  be  axones  or  central  processes  of  neu- 
rones having  also  processes  terminating  in  the  peripheral  tissues. 

The  thoracic  and  the  lumbar  spinal  nerves  are  connected  with  the  sympathetic 
trunk  (gangliated  cord)  by  two  rami  communicantes.  Most  of  both  the  efferent 
splanchnic  and  also  the  afferent  splanchnic  fibres  (which  arise  in  the  spinal  ganglia) 
pass  by  way  of  a  separate  ramus.  Both  these  varieties  being  of  the  cerebro-spinal 
type,  and,  therefore,  medullated,  they  give  the  ramus  a  white  appearance  meriting 
the  name  white  ramus  communicans.  Fibres  of  the  sympathetic  type  predomi- 
nate in  the  second  ramus  and  thus  it  is  the  grey  ramus  communicans.  The  latter 
consists  of: — (1)  afferent  sympathetic  fibres  and  (2)  of  sympathetic  fibres  which 
join  the  primary  divisions  of  the  spinal  nerves  and  course  in  them  to  their  allotted 
tissues  (fig.  717).  In  the  sacral  region,  most  of  the  efferent  splanchnic  fibres  pass 
over  the  ganglia  of  the  sympathetic  trunk  and  terminate  in  the  more  peripheral  ganglia 
of  the  plexuses  of  this  region.  This  is  especially  true  for  the  fibres  passing  from  the 
second,  third,  and  fourth  sacral  nerves.  In  the  cervical  region  white  rami  are  not 
in  evidence,  a  fact  probably  explicable  as  due  to  an  arrangement  by  which  at  least 
most  of  the  efferent  splanchnic  fibres  arising  in  the  cervical  segments  of  the  spinal 
cord  pass  downwards  in  these  segments  and  join  the  sympathetic  through  the  white 
rami  of  the  upper  thoracic  nerves;  others  may  enter  the  cervical  portion  of  the 
gangliated  cord  through  the  spinal  accessory  or  eleventh  cranial  nerve,  rather  than 
through  individual  white  rami.  All  the  spinal  nerves  are  joined  by  grey  rami  com- 
municantes from  the  sympathetic  trunk. 

Vaso-motor  fibres  to  the  meninges  and  intrinsic  blood-vessels  of  the  spinal  cord 
pass  to  the  spinal  nerves  by  way  of  the  grey  rami.  Thence  they  may  reach  the  men- 
inges by  one  of  three  ways: — (1)  through  the  delicate  recurrent  or  meningeal  branch 
of  the  spinal  nerve  (fig.  717) ;  (2)  through  the  trunk  and  ventral  root  of  the  spinal 
nerve;  (3)  probably  more  rarely,  through  the  trunk  and  dorsal  root  of  the  spinal 
nerve  (fig.  718). 

Corresponding  communications  exist  between  the  cranial  nerves  and  the  sym- 
pathetic, but  these  occur  further  towards  the  periphery  and  in  not  so  regular  a 
manner  as  the  communications  between  the  spinal  nerves  and  the  sympathetic 
system.  The  mesencephalon,  for  example,  is  chiefly  connected  with  the  ciliary 
ganglion  of  the  sympathetic  by  fibres  which  are  sent  through  the  oculo-motor  nerve 
and  which  enter  this  ganglion  by  way  of  its  short  root  and  terminate  about  its  cells. 
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Splanchnic  efferent  fibres  from  the  rhombencephalon  pass  outwards  to  the  sym- 
pathetic in  the  roots  of  the  facial,  glossopharyngeal,  vagus,  and  spinal  accessory 
nerves,  all  of  which  have  more  or  less  irregularly  disposed  communicating  rami.  The 
ganglia  of  origin  of  the  vagus,  more  than  perhaps  any  other  nerve,  both  give  origin 
to  and  receive  impulses  from  splanchnic  efferent  fibres.  Likewise,  twigs  of  other 
cranial  nerves,  especially  of  the  trigeminus,  connect  with  the  small  sympathetic 
ganglia  of  the  head.  The  meningeal  branches  given  by  certain  of  the  cranial  nerves 
contain  vaso-motor  fibres,  and  these  correspond  to  the  sympathetic  fibres  in  the 
recurrent  branches  and  in  the  roots  of  the  spinal  nerves. 


Fig.  718. — Diagram  showing  the  Course  and  Connections  of  Sympathetic 

Nerve-fibres. 
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From  the  above  it  may  be  seen  that  the  ganglia  and  connecting  trunks  and  rami 
of  the  sympathetic  system  may  be  divided  as  follows: — (1)  The  two  sympathetic 
trunks  lying  proximal  to  and  parallel  with  the  vertebral  column;  (2)  the  great 
prevertebral  plexuses,  of  which  there  are  roughly  three,  one  in  the  thorax,  one  in 
the  abdomen,  and  one  in  the  pelvic  cavity  (fig.  716),  each  of  which  is  subdivided; 
(3)  the  numerous  terminal  ganglia  and  plexuses  situated  either  within  or  close  to 
the  walls  of  the  various  organs;  (4)  the  trunks  and  rami  connecting  the  ganglia  with 
each  other  and  thus  contributing  to  the  plexuses,  or  connecting  the  ganglia  with 
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other  nerves  or  with  the  organs  with  whose  innervation  they  are  concerned.  The 
connecting  trunks  and  rami  may  be  divided  into — (a)  the  rami  communicantes ,  or 
central  branches,  connecting  the  sympathetic  with,  the  cereDro-spinal  and  central 
systems;  (b)  associative  trunks,  best  considered  as  those  which  connect  sympa- 
thetic ganglia  situated  on  the  same  side  of  the  body;  (c)  commissural  branches,  or 
those  which  connect  ganglia  situated  on  opposite  sides  of  the  mid-line  of  the  body, 
such  as  the  transverse  connecting  branches  between  the  sympathetic  trunk  in  the 
lumbo-sacral  region  (fig.  719),  or  all  the  connecting  trunks  between  the  ganglia  of 
plexuses  occupying  the  mid-region  of  the  body;  (d)  terminal  or  peripheral  branches, 
or  those  which  pass  from  the  ganglia  to  their  final  distribution  apparently  uninter- 
rupted by  other  ganglia. 

THE  SYMPATHETIC  TRUNKS 

The  sympathetic  trunks,  or  gangliated  cords,  of  the  sympathetic  system  are  two 
symmetrical  trunks  with  ganglia  interposed  in  them  at  intervals  of  varying  regu- 
larity, and  extending  vertically,  one  on  each  side  of  the  ventral  aspect  of  the  verte- 
bral column,  from  the  second  cervical  vertebra  to  the  first  piece  of  the  coccyx. 
Upon  the  coccyx  the  two  trunks  unite  and  terminate  in  a  single  medial  ganglion,  the 
ganglion  coccygeum  impar.  The  various  ganglia  are  connected  with  the  spinal 
nerves  by  the  rami  communicantes.  Morphologically,  each  trunk  might  be  expected 
to  possess  thirty-one  ganglia,  one  for  each  spinal  nerve,  but,  owing  to  the  fusion  of 
adjacent  ganglia  in  certain  regions,  especially  the  cervical,  there  are  in  the  adult  only 
twenty-one  or  twenty-two  ganglia  in  each  trunk.  These  occur  as  three  cervical 
ganglia,  ten  or  eleven  thoracic  ganglia,  four  lumbar  and  four  sacral  ganglia,  and  the 
ganglion  coccygeum  impar,  which  is  common  to  both  trunks. 

In  the  cervical  region  the  sympathetic  trunks  lie  in  front  of  the  transverse  proc- 
esses of  the  vertebrae,  from  which  they  are  separated  by  the  longus  capitis  (rectus 
capitis  anticus  major)  and  longus  colli;  in  the  thoracic  region  they  lie  at  the  sides  of  the 
bodies  of  the  vertebras  and  on  the  heads  of  the  ribs;  in  the  lumbar  region  they  are 
placed  more  ventrally  with  reference  to  the  spinal  nerves  and  more  in  front  of  the 
bodies  of  the  vertebras  and  along  the  ventral  borders  of  the  psoas  muscles;  in  the 
pelvis  the  ganglia  lie  between  and  ventral  to  the  openings  of  the  sacral  foramina. 
In  the  lower  lumbar  and  sacral  region  one  ganglion  may  send  rami  communicantes  to 
two  spinal  nerves  and  one  spinal  nerve  may  be  connected  with  two  ganglia.  The 
ganglia  of  the  trunks  throughout  give  off  associative  branches  to  the  ganglia  of  the 
prevertebral  plexuses  and  branches  to  the  nearby  viscera  and  blood-vessels.  These 
branches  may  appear  either  white  or  grey  according  to  the  predominance  of  medullated 
or  non-medullated  fibres  in  them.  In  the  lumbo-sacral  region  commissural  or  trans- 
verse connecting  branches  between  the  ganglia  of  the  two  trunks  are  especially  abun- 
dant. In  connecting  trunks  having  a  whiter  appearance,  the  greater  part  of  the  med- 
ullated fibres  producing  it  are  fibres  from  the  spinal  nerves  which  have  passed  through 
the  sympathetic  ganglia  without  termination  and  are  passing  on  their  way  to  termi- 
nate about  the  cells  of  more  distant  ganglia  situated  either  in  the  prevertebral  plexuses 
or  in  the  ganglia  of  the  terminal  plexuses.  The  trunks  connecting  the  ganglia  of  the 
sympathetic  trunks  all  contain  three  varieties  of  fibres: — (1)  Fibres  which  have  entered 
them  in  the  white  rami  communicantes  from  the  spinal  nerves  of  higher  or  lower 
levels,  and  which  are  coursing  in  them  to  terminate  in  other  ganglia,  either  in  the 
trunks  above  or  below  or  in  ganglia  not  belonging  to  the  trunks;  (2)  fibres  arising  in 
sympathetic  ganglia  of  a  higher  Or  lower  level  and  passing  upwards  or  downwards  to 
terminate  in  other  ganglia  of  the  trunk  or  to  issue  from  the  trunk  and  proceed  to  more 
peripheral  ganglia  or  to  ganglia  of  the  opposite  trunk  (both  associative  and  comT 
missural  fibres) ;  (3)  splanchnic  afferent  fibres  or  sensory  fibres  arising  either  in  the 
spinal  ganglia,  or  sensory  sympathetic  fibres  arising  in  sympathetic  ganglia  and 
coursing  in  the  trunk  to  pass  into  spinal  ganglia  above  or  below  by  way  of  the  grey 
rami  communicantes. 


THE  CEPHALIC  AND  CERVICAL  PORTIONS  OF  THE  SYMPATHETIC 

TRUNK 

The  cephalic  portion  of  the  sympathetic  system  consists  of  small  ganglia  and  of 
numerous  plexuses  connected  with  the  internal  carotid  nerve,  the  ascending  branch 
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Fig.  719. — Showing  the  Sympathetic  Trunks  in  their  Relation  to  the  Vertebral 
Column,  to  the  Spinal  Nerves,  and  to  each  Other.  (Modified  from  Toldt,  "Atlas  of 
Human  Anatomy,"  Rebman,  London  and  New  York.) 
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given  off  by  the  superior  cervical  sympathetic  ganglion.  The  cephalic  ganglia  are 
all  relatively  small.  There  are  four  considered  in  the  ordinary  macroscopic  dissec- 
tions, namely,  the  ciliary  or  ophthalmic,  the  spheno-palatine  or  Meckel's  ganglion, 
the  otic,  and  the  submaxillary.  These  ganglia  with  their  roots  or  communicating 
branches  have  been  described  in  detail  in  their  conne'ctions  with  the  divisions  of  the 
trigeminus  and  with  the  oculo-motor  and  facial  nerves. 

The  internal  carotid  nerve,  the  ascending  branch  from  the  superior  cervical 
sympathetic  ganglion,  may  be  regarded  as  an  upward  prolongation  of  the  primitive 
sympathetic  trunk.  It  arises  from  the  upper  end  of  the  superior  cervical  ganglion 
and  passes  through  the  carotid  canal  into  the  cranial  cavity.  It  divides  into  two 
branches  which  subdivide  to  form  a  coarse  plexus,  the  internal  carotid  plexus,  which 
partly  surrounds  the  internal  carotid  artery  before  the  latter  enters  the  cavernous 
sinus  (fig.  719).  It  passes  with  the  artery  to  the  cavernous  sinus,  where  it  forms 
the  finer  meshed  cavernous  plexus. 

The  internal  carotid  plexus  supplies  offsets  to  the  artery  and  receives  communi- 
cating branches  from  the  tympanic  plexus  through  the  inferior  carotico-tympanic 
nerve  and  from  the  spheno-palatine  ganglion  through  the  great  deep  petrosal  nerve. 
It  also  communicates  by  fine  branches  with  the  semilunar  (Gasserian)  ganglion  and 
with  the  sixth  cranial  nerve. 

The  cavernous  plexus  gives  branches  of  communication  to  the  oculo-motor  and 
trochlear  nerves  and  to  the  ophthalmic  division  of  the  trigeminus.  According  to 
Toldt  and  Spalteholz,  it  communicates  with  the  tympanic  plexus  through  the 
superior  carotico-tympanic  (small  deep  petrosal)  nerve.  It  also  communicates  with 
the  ciliary  ganglion  through  the  long  root  of  the  ciliary  ganglion.  These  branches 
may  pass  through  the  superior  orbital  (sphenoidal)  fissure  either  separately  or  with  the 
naso-ciliary  (nasal)  nerve. 

The  cavernous  plexus  also  gives  branches  to  the  carotid  artery  and  filaments  of  the 
plexus  accompany  small  branches  of  the  artery  to  the  hypophysis  (pituitary  body)  and 
to  the  dura  mater  on  the  sphenoid  bone. 

The  terminal  branches  of  the  cavernous  plexus  consist  of  delicate  filaments  that 
anastomose  freely,  forming  fine  plexuses,  and  pass  from  the  cavernous  plexus  along 
the  terminal  divisions  of  the  internal  carotid  artery  and  their  branches.  These  fine 
plexuses  take  the  name  of  the  artery  on  which  they  lie.  The  four  larger  of  them  are 
the  plexuses  of  the  anterior  and  middle  cerebral  arteries,  the  plexus  of  the  chorioid 
artery,  and  the  ophthalmic  plexus. 

The  cervical  portion  of  the  sympathetic  cord  extends  upwards  along  the  great 
vessels  of  the  neck.  No  white  rami  communicantes  connect  it  directly  with  the  spinal 
cord,  but  instead  it  receives  splanchnic  efferent  fibres  from  the  upper  thoracic  spinal 
nerves  through  the  sympathetic  trunk,  and  probably  also  from  the  cervical  spinal 
cord  through  the  spinal  accessory  nerve  and  the  connections  with  the  vagus.  It 
sends  grey  rami  communicantes  to  each  of  the  cervical  nerves.  It  extends  from  the 
subclavian  artery  to  the  base  of  the  skull,  lying  behind  the  sheath  of  the  great  vessels 
and  in  front  of  the  longus  capitis  and  longus  colli,  which  separate  it  from  the  trans- 
verse processes  of  the  cervical  vertebrae  (fig.  719).  It  usually  has  but  three  ganglia, 
one  at  each  end,  the  superior  and  inferior,  and  one  between  these  two,  called  the 
middle  ganglion.    The  latter  varies  somewhat  in  position  and  is  sometimes  absent. 

Superior  Cervical  Ganglion 

The  superior  cervical  ganglion  is  usually  fusiform  in  shape  and  is  sometimes 
marked  by  one  or  more  constrictions.  There  is  ground  for  the  belief  that  it  is  formed 
by  the  coalescence  of  four  ganglia  corresponding  to  the  first  four  cervical  nerves. 
It  varies  from  an  inch  to  one  and  one-half  inches  (2"5  to  3"7  cm.)  in  length,  lying 
behind  the  upper  part  of  the  sheath  of  the  great  vessels  of  the  neck  and  in  front  of  the 
transverse  processes  of  the  second  and  third  cervical  vertebrae.  It  occasionally  ex- 
tends upwards  as  high  as  the  transverse  process  of  the  first  vertebra  (fig.  719).  It 
is  connected  with  the  middle  cervical  ganglion  by  the  intervening  trunk,  and  it 
gives  off  a  large  number  of  communicating  branches. 

Communications : — (1)  Four  grey  rami  communicantes  connect  the  ganglion 
with  the  anterior  primary  divisions  of  the  first  four  cervical  nerves. 

(2)  Communicating  branches  to  the  cranial  nerves. — An  irregular  number 
of  small  twigs  pass  from  the  superior  cervical  ganglion  to  the  hypoglossal  nerve 
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and  to  the  ganglion  nodosum  of  the  vagus.  A  named  branch,  the  jugular  nerve,  runs 
upwards  to  the  base  of  the  skull  and  divides  into  two  branches,  one  of  which  enters 
the  jugular  foramen  and  terminates  in  the  jugular  ganglion  of  the  vagus,  and  the 
other  ends  in  the  petrous  ganglion  of  the  glosso-pharyngeus. 

(3)  Four  or  five  laryngo-pharyngeal  branches  come  from  the  superior  ganglion 
and  the  plexus  extending  downwards  from  it,  and  pass  forwards  and  inwards, 
external  to  the  carotid  vessels,  to  the  wall  of  the  pharynx,  where  they  unite  on 
the  middle  constrictor  with  the  pharyngeal  branches  of  the  glosso-pharyngeus  and 
vagus,  forming  with  them  the  pharyngeal  plexus,  from  which  branches  are  dis- 
tributed to  the  walls  of  the  pharynx  and  to  the  superior  and  external  laryngeal  nerves 
(fig.  719). 

(4)  The  superior  cervical  cardiac  nerve  springs  from  the  lower  part  of  the  gan- 
glion or  from  the  trunk  immediately  below  it.  It  passes  downwards  behind  the  car- 
otid sheath,  either  in  front  of  or  behind  the  inferior  thyreoid  artery,  and  in  front  of  the 
longus  colli,  and  establishes  communications  with  the  upper  cervical  cardiac  branch 
of  the  vagus,  the  middle  cervical  cardiac  branch  of  the  sympathetic,  and  with  the 
inferior  and  external  laryngeal  nerves.  At  the  root  of  the  neck  the  nerve  of  the 
right  side  passes  in  front  of  or  behind  the  first  part  of  the  right  subclavian  artery, 
and  is  continued  along  the  innominate  artery  to  the  front  of  the  bifurcation  of  the 
trachea,  where  it  ends  in  the  deep  part  of  the  cardiac  plexus.  The  left  nerve  passes 
into  the  thorax  along  the  front  of  the  left  common  carotid  artery,  crosses  the  front 
of  the  arch  of  the  aorta,  immediately  anterior  to  the  vagus,  and  terminates  in  the 
superficial  part  of  the  cardiac  plexus  (fig.  720).  Filaments  from  both  the  right  and 
left  nerves  pass  to  the  inferior  thyreoid  plexus. 

(5)  The  external  carotid  nerves  (fig.  719)  pass  forwards  from  the  superior 
cervical  ganglion  to  the  external  carotid  artery,  where  they  divide  into  branches 
which  anastomose  freely  to  form  around  the  artery  the  external  carotid  plexus. 
This  plexus  extends  to  the  beginning  of  the  artery,  and  is  continued  upon  the  common 
carotid  artery  as  the  common  carotid  plexus.  From  the  external  carotid  plexus, 
filaments  pass  to  form  secondary  plexuses  around  each  of  the  branches  of  the  exter- 
nal carotid  artery.  These  plexuses  take  the  names  of  the  arteries  which  they  follow, 
namely,  the  superior  thyreoid  plexus,  lingual  plexus,  etc.  Filaments  pass  from 
the  external  carotid  plexus  to  the  glomus  caroticum  (the  carotid  gland),  and  from 
the  superior  thyreoid  plexus  to  the  thyreoid  gland. 

From  the  external  maxillary  (facial)  plexus  passes  the  sympathetic  root  of  the 
submaxillary  ganglion. 

A  part  of  the  internal  maxillary  plexus  is  continued  upon  the  middle  meningeal 
artery  as  the  meningeal  plexus.  From  this  plexus  filaments  pass  to  the  otic  gan- 
glion, and  sometimes  a  branch,  called  by  English  anatomists  the  external  superficial 
petrosal  nerve,  passes  to  the  geniculate  ganglion  of  the  facial  nerve. 

(6)  Small  branches  to  the  ligaments  and  bones  of  the  upper  part  of  the  verte- 
bral column. 

(7)  The  internal  carotid  nerve  (ascending  branch)  has  been  described  with 
the  cephalic  portion  of  the  sympathetic  system. 

The  Middle  Cervical  Ganglion 

The  middle  cervical  ganglion  is  small  and  somewhat  triangular  in  outline.  It  is 
sometimes  absent.  Its  position  is  variable,  but  it  commonly  lies  about  the  level  of 
the  cricoid  cartilage,  in  front  of  the  bend  of  the  inferior  thyreoid  artery  (fig.  719),  and 
it  is  connected  with  the  superior  cervical  ganglion  and  with  the  inferior  cervical 
ganglion  by  the  trunk  of  the  gangliated  cord.  From  the  lower  part  of  the  middle 
ganglion  some  filaments  pass  behind  the  subclavian  artery,  while  others  pass  in 
front  of  and  beneath  that  artery  and  anastomose  with  the  first-mentioned  filaments 
to  form  a  loop,  the  ansa  subclavia  (ansa  Vieussenii)  (figs.  675  and  719).  Fila- 
ments from  this  ansa  to  the  inferior  cervical  ganglion  thus  form  another  communica- 
tion between  the  middle  and  inferior  cervical  ganglia. 

Connections. — The  middle  cervical  ganglion  gives  off  four  or  more  connecting 
rami. 

Two  (a  and  b)  are  grey  rami  communicantes  which  connect  the  middle  ganglion 
with  the  anterior  primary  branches  of  the  fifth  and  sixth  cervical  nerves. 

(c)  One  or  more  peripheral  branches  pass  along  the  inferior  thyreoid  artery  and 
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anastomose  with  branches  from  the  superior  and  middle  cardiac  nerves  and  from  the 
inferior  cervical  ganglion,  thus  taking  part  in  the  formation  of  the  inferior  thyreoid 
plexus,  from  which  branches  pass  to  the  thyreoid  gland. 

(d)  The  middle  cardiac  nerve  arises  by  one  or  more  branches  from  the  ganglion, 
or  from  the  trunk  of  the  cord,  and  passes  downwards  behind  the  common  carotid 
artery  and,  on  the  right  side,  either  in  front  of  or  behind  the  subclavian  artery,  and 
then  along  the  innominate  artery  to  the  deep  part  of  the  cardiac  plexus  (figs.  719  and 
720).  It  is  frequently  larger  than  the  superior  cardiac  nerve.  On  the  left  side  the 
nerve  runs  between  the  subclavian  and  common  carotid  arteries.  On  both  sides  the 
nerve  communicates  with  the  inferior  laryngeal  nerve  and  the  external  laryngeal  nerve. 

The  middle  cervical  ganglion  also  gives  branches  to  the  common  carotid  plexus. 

The  Inferior  Cervical  Ganglion 

The  inferior  cervical  ganglion  is  irregular  in  form.  It  is  larger  than  the  middle 
cervical  ganglion,  and  it  lies  deeply  in  the  root  of  the  neck  behind  the  vertebral  artery 
or  the  first  part  of  the  subclavian  artery,  and  in  front  of  the  interval  between  the  trans- 
verse processes  of  the  last  cervical  and  the  first  thoracic  vertebrae  (figs.  719  and  720). 
It  is  connected  with  the  middle  cervical  ganglion  by  the  sympathetic  trunk,  and  by 
filaments  passing  to  the  ansa  subclavia  (Vieussenii) ,  and  it  is  either  blended  directly 
with  the  first  thoracic  ganglion  or  connected  with  it  by  a  short  stout  portion  of  the 
trunk.  It  gives  rami  to  the  last  two  cervical  nerves  and  peripheral  branches  to  the 
vertebral  and  internal  mammary  arteries,  to  the  heart,  and  to  the  inferior  thyreoid 
plexus. 

Connections. — (1)  The  rami  to  the  seventh  and  eighth  cervical  nerves  are  grey 
rami  communicantes. 

(2)  The  branches  to  the  vertebral  artery  are  large  and  they  unite  with  similar 
branches  from  the  first  thoracic  ganglion  to  form  a  plexus,  the  vertebral  plexus 
(fig.  719) ,  which  accompanies  the  artery  into  the  posterior  fossa  of  the  cranium,  where 
it  is  continued  on  the  basilar  artery.  The  plexus  communicates  in  the  neck  by  deli- 
cate threads  with  the  cervical  spinal  nerves. 

(3)  The  branches  to  the  internal  mammary  artery  form  the  internal  mammary 
plexus. 

(4)  The  inferior  cardiac  nerve  may  arise  from  the  inferior  cervical  ganglion, 
from  the  first  thoracic  ganglion,  or  by  filaments  from  both  these  ganglia  (figs.  719  and 
720).  It  communicates  with  the  recurrent  laryngeal  nerve  and  with  the  middle 
cardiac  nerve,  and  passes  to  the  deep  part  of  the  cardiac  plexus.  On  the  left  side 
it  frequently  joins  the  middle  cardiac  nerve  to  form  a  common  trunk. 

Construction  of  the  cervical  portion  of  the  sympathetic  trunk. — This  por- 
tion of  the  trunk  contains  both  medullated  and  non-medullated  fibres,  and  a  large 
part  of  the  former  are  of  spinal  origin.  In  the  absence  of  white  rami  communi- 
cantes to  this  portion  of  the  sympathetic  trunk,  it  is  evident  that  few  if  any  of  the 
spinal  or  efferent  splanchnic  fibres  are  contributed  to  it  below  the  superior  ganglion 
by  the  cervical  region  of  the  spinal  cord.  Instead,  such  fibres  are  known  to  enter  by 
way  of  the  white  rami  from  the  upper  thoracic  nerves,  and  to  ascend  to  this  portion  of 
the  sympathetic  trunk.  Most  of  these  fibres  terminate  about  the  cells  of  the  supe- 
rior, middle,  and  inferior  cervical  ganglia,  and  these  cells  in  their  turn  give  off 
sympathetic  fibres  which  pass  by  way  of  the  communicating  branches  mentioned 
above  for  the  cephalic  and  cervical  portions,  to  their  distribution  in  the  structures 
of  the  head,  neck,  and  thorax.  The  efferent  splanchnic  fibres  which  terminate  in 
the  superior  ganglion  especially  are  among  those  which  mediate — (1)  vaso-motor 
impulses  for  the  head;  (2)  secretory  impulses  for  the  submaxillary  gland;  (3) 
pilo-motor  impulses  for  the  hairs  of  the  face  and  neck ;  (4)  motor  impulses  for  the 
smooth  muscle  of  the  eyelids  and  orbit,  and  (5)  dilator  impulses  for  the  pupil. 
The  sympathetic  or  grey  fibres  in  the  cervical  portion  of  the  sympathetic  trunk 
arise  from  the  cells  of  the  upper  thoracic  and  the  cervical  ganglia,  and  are  passing 
either  to  connect  the  ganglia  with  each  other  or  to  enter  the  peripheral  branches 
and  proceed  to  their  terminal  distribution. 
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THE  THORACIC  PORTION  OF  THE  SYMPATHETIC  TRUNK 

The  thoracic  part  of  the  trunk  runs  downwards  on  the  heads  of  the  ribs  from  the 
first  to  the  tenth,  and  then  passes  a  little  ventralwards  on  the  sides  of  the  bodies 
of  the  lower  two  vertebrae.  Above  it  is  continuous  with  the  cervical  portion  at 
the  root  of  the  neck,  behind  the  vertebral  artery.  Below  it  leaves  the  thorax  dor- 
sad to  the  medial  lumbo-costal  arch  (arcuate  ligament),  or  sometimes  to  the 
lateral  lumbo-costal  arch,  and  continues  into  the  lumbar  portion  of  the  trunk. 
It  lies  behind  the  costal  pleura  and  crosses  over  the  aortic  intercostal  arteries. 

The  number  of  ganglia  in  this  part  of  the  trunk  is  variable.  There  are  usually 
ten  or  eleven,  but  the  first  is  sometimes  fused  with  the  inferior  cervical  ganglion  and 
occasionally  other  ganglia  fuse.  The  ganglia  are  irregularly  angular  or  fusiform  in 
shape,  and  lie  on  the  head  of  the  ribs,  on  the  costo- vertebral  articulations,  or  on  the 
bodies  of  the  vertebra;.  The  portions  of  the  trunk  connecting  the  ganglia  usually  are 
single,  but  sometimes  they  are  composed  of  two  or  three  small  cords  in  juxtapo- 
sition. Each  ganglion,  with  the  possible  exception  of  the  first,  receives  a  white 
ramus  communicans  from  a  thoracic  nerve  and  all  give  off  grey  rami  communicantes 
to  these  nerves. 

The  white  rami  communicantes,  as  they  approach  the  sympathetic  trunk, 
quite  often  appear  double,  due  to  the  separation  of  a  large  portion  of  their  fibres 
into  two  main  streams,  one  passing  upwards  in  the  sympathetic  trunk,  and  one  pass- 
ing downwards.  Of  the  white  rami  from  the  upper  five  thoracic  nerves,  the  upward 
stream  of  fibres  is  much  larger  than  the  downward,  due  to  the  fact  that  a  greater 
part  of  the  efferent  splanchnic  fibres  from  these  nerves  are  distributed  through  the 
cervical  portion  of  the  sympathetic  trunk,  as  noted  above  in  the  construction  of  that 
portion.  Usually  the  white  rami  from  the  nerves  pass  directly  to  the  corresponding 
ganglia  of  the  trunk,  and  thus  lie  in  company  with  the  corresponding  grey  rami.  Some- 
times, however,  they  may  join  the  intermediate  portions  of  the  trunk,  and  in  the  lower 
thoracic  region  especially,  a  ramus  may  pass  from  a  nerve  to  the  ganglion  corre- 
sponding to  the  nerve  above  or  below.  The  fibres  of  the  white  rami  from  the  lower 
thoracic  nerves  are  in  greater  part  directed  downwards  in  the  sympathetic  trunk,  and 
also  in  its  peripheral  branches,  to  be  distributed  to  the  abdominal  viscera.  In  all 
cases,  however,  some  of  the  fibres  of  the  thoracic  white  rami  terminate  in  the 
ganglia  nearest  their  junction  with  the  trunk,  while  others  pass  into  the  nearest 
peripheral  branches.  In  this  way  the  white  rami  from  all  the  thoracic  spinal 
nerves,  especially  those  of  the  mid-region,  are  directly  concerned  in  the  innervation 
of  the  thoracic  viscera,  lungs,  oesophagus,  aorta,  etc. 

The  first  thoracic  ganglion  is  larger  than  the  other  ganglia  of  this  region  and  is 
irregular  in  form.  It  may  be  narrowly  ovoid  or  semilunar.  It  lies  in  front  of  the 
neck  of  the  first  rib,  behind  the  pleura,  and  on  the  inner  side  of  the  costo-cervical 
trunk  (superior  intercostal  artery);  this  vessel  separates  it  from  the  prolongation 
of  the  portion  of  the  first  thoracic  nerve  which  passes  to  the  brachial  plexus.  It 
sometimes  fuses  with  the  inferior  cervical  ganglion,  and,  on  the  other  hand,  sometimes 
extends  to  the  upper  part  of  the  second  rib  to  fuse  with  the  second  thoracic  ganglion. 
The  result  of  the  latter  fusion  resembles  the  stellate  ganglion  of  the  carnivora,  and 
when  it  occurs,  is  sometimes  referred  to  as  the  ganglion  stellatum.  When  largely 
developed,  the  first  ganglion  sends  a  branch  to  the  cardiac  plexus,  the  fourth 
cardiac  nerve  of  Valentin. 

The  second  thoracic  ganglion,  triangular  in  shape  and  almost  as  large  as  the 
preceding,  is  sometimes  placed  on  the  costo-vertebral  articulation,  and  is  sometimes 
partly  concealed  by  the  first  rib. 

The  third  to  the  ninth  thoracic  ganglia  are  usually  placed  opposite  the 
heads  of  the  corresponding  ribs,  but  the  tenth  and  eleventh  may  lie  on  the  bodies  of 
the  vertebrae. 

The  fibres  passing  from  the  ganglia  form  two  groups  of  branches,  the  central  and 
the  peripheral. 

The  central  branches  are  the  grey  rami  communicantes,  which  pass  from  the 
ganglia  to  the  corresponding  spinal  nerves.  After  they  have  united  with  the  an- 
terior primary  divisions  of  the  nerves,  the  fibres  of  these  rami  divide  into  four  groups: 
— (1)  Fibres  which  pass  inwards  along  the  roots  of  the  nerves  to  supply  the  mem- 
branes of  the  spinal  cord,  or  enter  a  meningeal  or  recurrent  branch  for  the  same 
purpose;  (2)  fibres  which  enter  the  spinal  ganglion  and  terminate  there  (sensory 
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sympathetic  fibres) ;  (3)  fibres  which  pass  dorsalwards  into  the  posterior  primary 
divisions  of  the  nerves;  (4)  fibres  which  pass  outwards  in  the  anterior  primary 
divisions  of  the  nerves.  The  last  two  groups  of  fibres  are  distributed  to  the  blood- 
vessels of  the  body-walls,  to  the  skin-glands,  and  to  the  muscles  of  the  hairs  of  the 
body. 

The  peripheral  branches  form  two  series,  an  upper  and  a  lower. 
Those  of  the  upper  series  pass  from  the  upper  four  or  five  ganglia  ventralwards 
and  inwards  to  be  distributed  as  follows : — 

(1)  Pulmonary  branches  which  accompany  the  intercostal  arteries  towards  their 
aortic  origin  without  forming  plexuses  around  them,  and  pass  to  the  posterior  pul- 
monary plexus  (fig.  720). 

(2)  Aortic  branches,  some  of  which  arise  directly  from  the  ganglia  and  some 
from  the  pulmonary  branches,  and  unite  with  branches  from  the  cardiac  plexus 
and  from  the  splanchnic  nerves  to  surround  the  aorta  as  the  thoracic  aortic 
plexus  (fig.  720).  This  plexus  accompanies  the  aorta  into  the  abdomen  and  there 
joins  with  the  coeliac  (solar)  plexus. 

(3)  (Esophageal  branches  join  with  the  oesophageal  plexus  of  the  vagus. 

(4)  Vertebral  branches,  some  of  which  pass  with  the  nutrient  arteries  into  the 
bodies  of  the  vertebra?  and  some  of  which  pass  to  the  median  line  and  there  anastomose 
with  similar  branches  from  the  opposite  side  (commissural  branches). 

The  peripheral  branches  forming  the  lower  series  consist  largely  of  efferent  fibres 
from  the  spinal  nerves,  which  pass  through  the  ganglia  and  reinforce  the  sympathetic 
filaments  proper.  Thus  composed,  these  branches  run  ventralwards  and  inwards  on 
the  sides  of  the  bodies  of  the  vertebrae  and  unite  to  form  the  splanchnic  nerves 
which  supply  the  abdominal  organs. 

(1)  The  great  splanchnic  nerve  may  be  formed  by  branches  from  all  the 
thoracic  ganglia  from  the  fifth  to  the  tenth  inclusive,  or  it  may  receive  fibres  from 
only  two  or  three  of  these  ganglia  (fig.  719).  It  is  usually  formed  by  branches  from 
the  fifth  to  the  tenth.  The  superior  branch,  usually  the  largest,  receives  smaller 
inferior  branches  from  the  lower  ganglia  as  it  passes  downwards  on  the  sides  of  the 
bodies  of  the  vertebrae  in  the  posterior  mediastinum.  The  nerve  enters  the  abdomi- 
nal cavity  by  passing  through  the  eras  of  the  diaphragm,  and  joins  the  upper  end  of 
the  cceliac  (semilunar)  ganglion  of  the  cceliac  (solar)  plexus.  Near  the  bottom  of  the 
eleventh  or  the  top  of  the  twelfth  thoracic  vertebra  there  is  formed  on  the  nerve 
the  splanchnic  ganglion.  Filaments  from  the  nerve  and  from  this  ganglion  pass 
along  the  intercostal  arteries  to  the  aorta,  oesophagus,  and  the  thoracic  duct,  and 
some  fibres  from  the  right  side  pass  to  the  vena  azygos  (major).  Sometimes  this 
nerve  divides  into  two  cords,  giving  off  numerous  branches  which  anastomose  with 
each  other  and  with  the  small  splanchnic  nerve  to  form  a  plexus,  in  the  meshes  of 
which  are  found  some  small  ganglia. 

(2)  The  lesser  splanchnic  nerve  receives  fibres  from  the  ninth  and  tenth 
ganglia.  Its  course  is  similar  to  that  of  the  great  splanchnic  nerve  (fig.  719),  but  on 
a  posterior  plane,  and  it  terminates  in  the  cceliac  (solar)  or  renal  plexuses. 

(3)  The  least  splanchnic  nerve,  not  always  present,  arises  from  the  last  thoracic 
ganglion  or  sometimes  from  the  small  splanchnic  nerve.  It  passes  through  the  eras 
of  the  diaphragm  and  ends  in  the  renal  plexus. 

Construction  of  the  thoracic  portion  of  the  cord. — The  majority  of  the 
sympathetic  fibres  which  pass  from  the  central  nervous  system  enter  the  thoracic  por- 
tion of  the  sympathetic  trunk;  some  end  there  in  ramifications  around  the  cells  of 
its  ganglia,  while  others  merely  pass  through  on  their  way  to  more  distant  termina- 
tions. With  regard  to  those  which  terminate  in  the  ganglia,  it  has  been  shown  that 
in  the  dog  and  cat  many  end  in  the  ganglion  stellatum,  which  corresponds  with  the 
last  cervical  and  the  upper  three  or  four  thoracic  ganglia  in  man.  Among  these  are 
the  fibres  conveying  secretory  impulses  to  the  sweat-glands  of  the  upper  limb, 
which  emerge  from  the  spinal  cord  in  the  thoracic  nerves  from  the  sixth  to  the 
ninth,  and,  in  the  dog,  vaso-constrictor  fibres  of  the  pulmonary  blood-vessels  which 
leave  the  spinal  cord  in  the  second  to  the  seventh  thoracic  nerves.  Other  fibres 
which  terminate  around  the  thoracic  sympathetic  ganglion-cells  in  the  dog  and  cat 
are  the  vaso-constrictor  fibres  for  the  upper  limbs  and  some  of  the  vaso-constrictor 
fibres  for  the  lower  limbs. 

Of  the  fibres  which  traverse  the  thoracic  portion  of  the  sympathetic  trunk  to  gain 
more  distant  terminations,  some  ascend  to  the  cervical  region  (p.  1007),  others  descend 
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to  the  lumbar  region,  and  many  pass  by  the  immediate  peripheral  branches  to  the 
splanchnic  nerves. 

Among  those  which  descend  to  the  lumbar  region  are  pilo-motor  fibres,  vaso-motor 
fibres,  and  secretory  fibres  to  the  lower  limb,  some  vaso-constrictor  fibres  to  the  ab- 
dominal blood-vessels,  motor  fibres  to  the  circular,  and  inhibitory  fibres  to  the  longi- 
tudinal muscle  of  the  rectum.  The  latter  enter  the  sympathetic  trunk  by  the  lower 
thoracic  nerves  and  pass  in  the  lumbar  peripheral  branches  to  the  aortic  plexus,  and 
terminate  around  the  cells  of  the  inferior  mesenteric  ganglion. 

The  fibres  which  pass  through  the  thoracic  ganglia  to  the  splanchnic  nerves  are 
mainly  vaso-motor  fibres  to  the  abdominal  blood-vessels;  the  majority  of  them 
probably  terminate  around  the  cells  of  the  ganglia  in  the  cceliac  (solar)  plexus,  but 
those  for  the  renal  blood-vessels  no  doubt  end  in  the  renal  ganglia.  In  addition  to 
all  the  above-mentioned  fibres  there  are  in  the  thoracic  part  of  the  sympathetic  trunk 
afferent  (splanchnic  sensory)  fibres  of  both  sympathetic  and  cerebro-spinal  type, 
passing  towards  the  spinal  ganglia  and  dorsal  roots  of  the  thoracic  spinal  nerves. 

THE  LUMBAR  PORTION  OF  THE  SYMPATHETIC  TRUNK 

The  lumbar  portion  of  each  trunk  lies  on  the  fronts  of  the  bodies  of  the  vertebrae 
along  the  anterior  border  of  the  psoas  muscle,  and  nearer  to  the  median  line  than  the 
thoracic  portion.  It  is  connected  with  the  thoracic  portion  of  the  sympathetic  trunk 
by  a  slender  intermediate  portion  of  the  trunk  that  may  pass  through  the  diaphragm 
or  behind  it  (fig.  719).  The  continuation  of  the  lumbar  into  the  sacral  portion  is  also 
slender,  and  descends  behind  the  common  iliac  artery.  The  right  trunk  is  partly 
covered  by  the  vena  cava  inferior  and  the  left  by  the  aorta. 

The  ganglia,  which  are  small  and  oval,  vary  in  number  from  three  to  eight,  but 
are  usually  four.    Rarely  they  are  so  fused  as  to  form  one  continuous  ganglion. 

White  rami  communicantes  pass  to  the  ganglia  from  the  first  two  or  three  lum- 
bar nerves  only.  This  portion  of  the  trunk  also  receives  efferent  splanchnic  fibres 
which  are  derived  from  the  white  rami  communicantes  of  the  lower  thoracic  nerves 
and  continued  downwards  in  the  trunk. 

Branches. — As  in  the  thoracic  region,  the  communicating  branches  are  central 
and  peripheral.  The  central  are  grey  rami  communicantes.  There  may  be  two 
branches  to  a  nerve  or  one  ramus  may  divide  so  as  to  join  two  adjacent  spinal 
nerves.  Sometimes  a  spinal  nerve  may  receive  as  many  as  five  grey  rami  from  the 
sympathetic  trunk. 

The  peripheral  branches  include: — (a)  Branches  passing  to  the  aorta  and  taking 
part  in  the  formation  of  the  aortic  plexus ;  (b)  branches  which  descend  in  front  of  the 
common  iliac  artery  to  the  hypogastric  plexus;  and  (c)  branches  to  the  vertebras  and 
ligaments. 

THE  SACRAL  PORTION  OF  THE  SYMPATHETIC  TRUNK 

The  sacral  part  of  each  trunk  passes  downwards  in  front  of  the  sacrum,  imme- 
diately outside  the  inner  borders  of  the  anterior  sacral  foramina.  It  is  continu- 
ous above  with  the  lumbar  portion  of  the  trunk,  and  below  it  anastomoses  freely  in 
front  of  the  coccyx  with  the  trunk  of  the  other  side  to  form  a  plexus  in  the  terminus 
of  which  is  the  coccygeal  ganglion  (ganglion  coccygewn  impar)  (fig.  719).  Like 
the  cervical  and  lower  lumbar  portions  of  the  sympathetic  trunk,  the  sacral  part 
receives  no  white  rami  communicantes  from  the  spinal  nerves. 

The  sacral  ganglia  are  small  in  size,  and  usually  four  in  number.  The  variation 
both  in  size  and  number  is  more  marked  in  this  portion  of  the  trunk  than  in  the 
other  two  parts. 

Branches. — The  branches  of  the  sacral  ganglia  include: — 

(1)  Grey  rami  communicantes  to  the  sacral  nerves. 

(2)  Branches  to  the  front  of  the  sacrum  which  anastomose  with  their  fellows  of 
the  opposite  side  (commissural  branches). 

(3)  Branches  which  enter  into  the  formation  of  the  plexus  on  the  middle  sacral 
artery. 

(4)  Branches  which  join  the  pelvic  plexuses. 

(5)  Branches  given  off  by  the  ganglion  coccygeum  impar  to  the  coccyx  and  its 
ligaments  and  to  the  glomus  coccygeum  (coccygeal  gland). 
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Construction  of  the  lumbar  and  sacral  portions  of  the  sympathetic  trunk. — 

The  ganglia  of  both  these  portions  of  the  trunk  are  very  variable  in  shape,  size,  position, 
andnumber.  There  are  usually  four  ganglia  belonging  to  each  portion,  but  sometimes 
as  many  as  eight  may  be  distinguished  in  the  lumbar  or  there  may  be  as  many  as  six 
in  the  sacral  portion.  In  the  majority  of  cases,  especially  in  the  sacral  region,  these 
masses  of  cells  are  so  fused  that  their  number  is  less  than  the  number  of  the  spinal 
nerves  with  which  they  are  associated.  As  noted  above,  only  the  first  two  or  three 
lumbar  spinal  nerves  send  white  rami  which  connect  as  such  directly  with  these 
ganglia.  However,  splanchnic  efferent  fibres  descend  this  entire  stretch  of  the 
trunk,  through  both  the  lumbar  and  sacral  portions,  from  the  white  rami  of  the 
lower  thoracic  and  the  upper  lumbar  nerves  above.  These  fibres  either  terminate  in 
the  various  ganglia  or  pass  uninterrupted  into  the  peripheral  branches,  and  are  con- 
cerned in  the  transmission  of  impulses  which  are  vaso-motor  to  the  genital  organs, 
motor  for  the  uterus,  the  vas  deferens,  and  the  circular  coat  of  the  bladder.  Also, 
some  of  them  convey  secretory,  pilo-motor,  and  vaso-motor  impulses  for  the  glands, 
skin,  and  vessels  of  the  lower  extremity  in  addition  to  the  similar  impulses  conveyed 
in  the  peripheral  branches  from  the  lower  part  of  the  thoracic  portion  of  the  sympathetic 
trunk.  The  motor  fibres  for  the  uterus  or  vas  deferens  and  for  the  bladder  pass, 
in  most  part  probably,  by  way  of  the  peripheral  branches  from  the  lumbar  portion 
of  the  cord,  through  the  aortic  plexus  to  the  inferior  mesenteric  ganglion;  others, 
the  vaso-motor  fibres  to  the  genital  organs  especially,  pass  by  way  of  the  sacral  gan- 
glia and  the  peripheral  branches  from  them  to  the  hypogastric  or  pelvic  plexus  and  the 
appropriate  sub-plexuses  of  this  region.  Of  the  vaso-motor  fibres  for  the  penis,  some 
of  the  constrictor  fibres  pass  down  the  sacral  portion  of  the  sympathetic  trunk  and 
terminate  about  the  cells  of  the  sacral  ganglia,  and  these  cells  send  out  sympathetic 
fibres  which  join  and  course  in  the  pudic  nerve  (n.  pudendus). 

All  of  both  the  lumbar  and  sacral  spinal  nerves  receive  grey  rami  from  the  sympa- 
thetic trunk.  These,  just  as  those  from  the  other  portions  of  the  trunk,  consist  of — 
(1)  vaso-motor  fibres  to  the  meninges  and  vessels  of  the  vertebral  canal;  (2)  sympa- 
thetic fibres  which  join  the  divisions  of  the  spinal  nerves  and  course  in  them  to  their 
distribution,  and  (3)  afferent  sympathetic  fibres  terminating  in  the  spinal  ganglia. 

In  addition  to  the  efferent  splanchnic  fibres,  the  branches  of  the  lumbo-sacral  por- 
tion of  the  sympathetic  trunk  carry  cerebro-spinal  fibres  of  general  sensibility- 
sensory  fibres  arising  in  the  spinal  ganglia  of  this  and  the  lower  thoracic  region. 

There  are  no  white  rami  proper  passing  from  the  sacral  spinal  nerves  to  course  or 
terminate  in  the  sympathetic  trunk.  Efferent  splanchnic  fibres  are  given  off  by  these 
nerves  in  abundance,  but,  instead  of  entering  the  trunk  and  its  ganglia,  they  form 
bundles  which  pass  over  the  trunk  and  directly  into  its  peripheral  branches.  The 
bundles  passing  from  the  second,  third,  and  fourth  sacral  nerves  are  large  and 
especially  definite.  While  homologous  to  white  rami,  such  bundles  are  better 
known  as  the  visceral  branches  of  the  sacral  nerves  or  the  pelvic  splanchnics. 
They  contain  some  cerebro-spinal  sensory  fibres  (afferent  splanchnic),  but  consist 
for  the  most  part  of  efferent  splanchnic  fibres,  conveying  impulses,  vaso-motor 
(vaso-dilator,  chiefly)  to  the  genital  organs,  both  motor  and  inhibitory  for  the  rec- 
tum, uterus,  and  bladder  (longitudinal  coat  especially),  and  secretory  for  the  pros- 
tate gland.  These  fibres  contribute  to  the  hypogastric  plexus  and  are  interrupted 
in  the  small  ganglia  of  its  sub-plexuses,  named  according  to  the  various  urino-genital 
organs  concerned. 


THE  GREAT  PREVERTEBRAL  PLEXUSES 

The  great  prevertebral  plexuses  are  three  in  number, — the  cardiac,  the  cceliac 
(solar  or  epigastric) ,  and  the  hypogastric  or  pelvic.  The  cardiac  plexus  lies  behind  and 
below  the  arch  of  the  aorta,  and  the  cceliac  and  hypogastric  plexuses  are  situated  in 
front  of  the  lumbar  vertebra?.  Each  plexus  receives  not  only  sympathetic  fibres 
which  have  passed  from  or  through  the  ganglia  of  the  sympathetic  trunks  of  either 
side,  but  also  both  afferent  and  efferent  cerebro-spinal  nerve-fibres  derived  directly 
from  the  cerebro-spinal  nerves.  In  addition  the  cardiac  and  cceliac  plexuses  receive 
both  efferent  splanchnic  and  cerebro-spinal  sensory  or  afferent  splanchnic  fibres 
from  both  vagus  nerves.  It  should  be  clearly  understood  that  the  branches  which 
run  from  the  sympathetic  trunks  to  the  prevertebral  plexuses  contain  medullated 
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Fig.  720. — Cardiac,  Pulmonary,  and  Coronary  Plexuses.  (Schematic.) 
(Modified  from  Cunningham.) 
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fibres  which  are  passing,  like  the  fibres  from  the  sacral  nerves,  directly  from  the 
spinal  cord  to  the  cells  of  the  plexuses. 

The  Cardiac  Plexus 

The  cardiac  plexus  is  formed  by  the  cardiac  branches  from  both  vagus  nerves  and 
from  both  sympathetic  trunks.  It  lies  beneath  and  behind  the  arch  of  the  aorta,  in 
front  of  the  bifurcation  of  the  trachea,  and  extends  a  short  distance  upwards  on  the 
sides  of  the  trachea.    It  is  composed  of  a  superficial  and  a  deep  part  (fig.  720). 

The  superficial  part  of  the  cardiac  plexus  is  much  smaller  than  the  deep  part, 
and  lies  beneath  the  arch  of  the  aorta  in  front  of  the  right  pulmonary  artery.  It  is 
formed  chiefly  by  the  cardiac  branches  of  the  left  vagus  and  by  the  left  superior 
cardiac  nerve,  but  sometimes  receives  filaments  from  the  deep  cardiac  plexus.  The 
cardiac  ganglion  (ganglion  of  Wrisberg),  usually  found  connected  with  this 
plexus,  lies  on  the  right  side  of  the  ligamentum  arteriosum. 

Branches. — From  this  plexus  some  connecting  branches  pass  to  the  left  half 
of  the  deep  cardiac  plexus,  and  others  accompany  the  left  pulmonary  artery  to  the 
left  anterior  pulmonary  plexus.  It  also  sends  branches  to  the  right  anterior  coronary 
plexus. 

The  deep  portion  of  the  cardiac  plexus  lies  behind  the  arch  of  the  aorta  at  the 
sides  of  the  lower  part  of  the  trachea  and  in  front  of  its  bifurcation.  It  consists  of 
two  lateral  parts,  more  or  less  distinct,  connected  by  numerous  branches,  which  pass 
around  the  lower  part  of  the  trachea.  It  is  formed  by  the  superior,  middle,  and  infe- 
rior cervical  cardiac  branches  from  the  right  sympathetic  trunk,  the  middle  and  in- 
ferior cervical  cardiac  branches  from  the  left  trunk,  and  all  the  cervical  and  thoracic 
cardiac  branches  of  the  vagus  nerves  except  the  inferior  cervical  cardiac  branch  of 
the  left  vagus.    It  also  receives  branches  from  the  superficial  cardiac  plexus. 

The  left  part  of  the  deep  cardiac  plexus  gives  branches  to  the  left  atrium  (auricle) 
of  the  heart,  to  the  left  anterior  pulmonary  plexus,  to  the  left  coronary  plexus,  and 
sometimes  to  the  superficial  part  of  the  cardiac  plexus. 

The  right  part  of  the  deep  cardiac  plexus  gives  branches  to  the  right  atrium,  to  the 
right  anterior  pulmonary  plexus,  and  to  the  right  and  the  left  coronary  plexuses 
(fig.  720).  The  branches  to  the  left  coronary  plexus  pass  behind  the  pulmonary 
artery.  Some  of  those  to  the  right  coronary  plexus  pass  anterior  and  some  posterior 
to  the  right  pulmonary  artery. 

The  coronary  plexuses  are  formed  by  branches  given  off  by  the  cardiac  plexus. 
They  accompany  the  coronary  arteries  and  are  right  and  left. 

The  anterior  (right)  coronary  plexus  receives  filaments  from  the  superficial  part  of 
the  cardiac  plexus,  but  is  formed  chiefly  by  filaments  from  the  right  portion  of  the 
deep  cardiac  plexus  (fig.  720).  Its  distribution  to  the  heart  follows  that  of  the 
right  coronary  artery. 

The  posterior  (left)  coronary  plexus  is  larger  than  the  anterior  plexus,  and  is  formed 
for  the  most  part  by  filaments  from  the  left  portion  of  the  deep  cardiac  plexus,  but 
it  receives  some  filaments  from  the  right  portion  of  the  deep  cardiac  plexus  (fig.  720). 
Its  distribution  to  the  heart  follows  that  of  the  left  coronary  artery. 

The  cardiac  plexus  and  the  network  of  nervous  structures  in  the  walls  of  the  atria  are  the 
remains  of  the  primitive  plexuses  found  in  the  embryo,  which  are  called  the  bulbar,  the  inter- 
mediate, and  the  atrial  plexuses,  terms  which  sufficiently  indicate  their  relative  positions.  The 
bulbar  plexus  gives  off  the  coronary  nerves  and  is  transformed  into  the  superficial  part  of  the 
deep  cardiac  plexus;  the  remainder  of  the  deep  cardiac  plexus  is  formed  by  the  intermediate 
plexus,  and  the  atrial  plexus  becomes  the  network  of  the  atrium. 

The  fibres  which  pass  to  the  cardiac  plexus  are  medullated  and  non-medullated  ; 
the  former  are  inhibitory,  the  latter  motor.  The  inhibitory  impulses  leave  the  cen- 
tral nervous  system  by  the  spinal  accessory  and  vagus  nerves.  The  motor  fibres 
leave  the  spinal  cord  by  the  ventral  roots  and  white  rami  communicantes  of  the 
thoracic  nerves  and  terminate  about  the  cells  of  the  intervening  sympathetic 
ganglia.  From  the  cells  of  these  ganglia  arise  the  non-medullated  (grey)  fibres  of 
the  plexus. 

The  Cceliac  Plexus 

The  cceliac  (solar  or  epigastric)  plexus  is  the  largest  of  the  prevertebral  plexuses. 
It  is  unpaired,  and  is  continuous  above  with  the  aortic  plexus  of  the  thorax  and  below 
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with  the  abdominal  aortic  and  superior  mesenteric  plexuses.  It  lies  in  the  epigastric 
region  of  the  abdomen  behind  the  bursa  omentalis  (lesser  sac  of  the  peritoneum)  and 
the  pancreas,  upon  the  crura  of  the  diaphragm  and  over  the  abdominal  aorta,  and 
around  the  origin  of  the  cceliac  and  the  superior  mesenteric  arteries.  It  occupies  the 
interval  between  the  suprarenal  bodies  and  extends  downwards  as  far  as  the  renal 
arteries.  It  is  formed  by  the  great  and  the  lesser  splanchnic  nerves  of  both  sides,  by 
cceliac  branches  of  the  right  vagus,  and  by  filaments  from  the  upper  lumbar  ganglia  of 


Fig.  721. — Abdominal  Plexuses  of  the  Sympathetic.    (After  Toldt,  "Atlas  of  Human  An- 
atomy," Rebman,  London  and  New  York.) 
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the  sympathetic  trunk.  It  sometimes  receives  cceliac  branches  from  the  left  vagus. 
It  contains  two  large  ganglia,  the  right  and  left  cceliac  (semilunar)  ganglia  (fig.  721). 

The  cceliac  (semilunar)  ganglia  are  two  large,  flat,  irregularly  shaped  masses, 
separable  into  a  varying  number  of  ganglia.  These  two  masses,  or  rather  the 
smaller  ganglia  which  compose  them,  are  connected  by  a  varying  number  of  com- 
municating branches.  Each  mass,  right  and  left,  lies  upon  the  corresponding  crus 
of  the  diaphragm,  at  the  inner  border  of  the  corresponding  suprarenal  body,  being 
sometimes  overlapped  by  this  body.  The  right  mass  lies  behind  the  inferior  vena 
cava.    Each  cceliac  ganglion  receives  at  its  upper  border  the  greater  splanchnic 
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nerve,  and,  near  its  lower  border,  lying  over  the  origin  of  the  renal  artery,  is  a  more 
or  less  detached  part,  known  as  the  aortico-renal  ganglion.  This  ganglion  receives 
the  lesser  splanchnic  nerve  and  may  seemingly  give  origin  to  the  greater  part  of  the 
renal  plexus.  Another  part  of  the  cceliac  ganglion,  often  found  behind  the  origin 
of  the  superior  mesenteric  artery,  is  known  as  the  superior  mesenteric  ganglion 
(fig.  721). 

From  the  cceliac  plexus  and  its  ganglia  subordinate  plexuses  are  continued  upon 
the  aorta  and  its  branches.  These  comprise  both  paired  and  unpaired  plexuses. 
The  paired  plexuses  are  the  phrenic,  suprarenal  and  renal,  the  spermatic  in  the  male, 
and,  in  the  female,  the  ovarian  plexuses.  The  unpaired  plexuses  are  the  aortic, 
hepatic,  splenic,  superior  gastric,  inferior  gastric,  superior  mesenteric,  and  inferior 
mesenteric. 

That  part  of  the  cceliac  plexus  surrounding  the  cceliac  artery  was  formerly  de- 
scribed as  the  cceliac  plexus.  It  is  better  considered  as  an  unnamed  part  of  the  larger 
cceliac  plexus.  This  part  of  the  plexus  receives  fibres  from  both  vagus  nerves,  and 
gives  filaments  that  form  plexuses  around  the  branches  of  the  cceliac  artery  and  their 
ramifications. 

The  paired  subordinate  plexuses  : — (1)  The  phrenic  (diaphragmatic)  plexuses 

consist  of  fibres  from  the  upper  part  of  the  cceliac  ganglia,  which  follow  the  inferior 
phrenic  arteries  and  their  branches  on  the  under  surface  of  the  diaphragm  (fig.  721). 
Filaments  are  given  off  by  the  roots  of  the  plexuses  to  the  suprarenal  bodies,  and 
others  unite  with  the  terminal  branches  of  the  phrenic  nerves.  The  point  of  junc- 
tion with  the  right  phrenic  nerve  is  marked  by  the  phrenic  ganglion,  from  which 
branches  are  distributed  to  the  inferior  vena  cava,  to  the  right  suprarenal  body,  and 
to  the  hepatic  plexus. 

(2)  The  suprarenal  plexuses  are  comparatively  large  plexuses,  formed  mainly 
by  branches  from  the  cceliac  (semilunar)  ganglia.  However,  fibres  come  to  them 
from  the  cceliac  plexus  along  the  suprarenal  arteries,  from  the  phrenic  plexus 
along  the  inferior  phrenic  arteries,  and  from  the  renal  plexus  along  the  inferior 
suprarenal  arteries.    They  are  distributed  to  the  substance  of  the  suprarenal  bodies. 

(3)  The  renal  plexuses  receive  fibres  from  the  lower  part  of  the  cceliac  ganglia 
and  from  the  cceliac  and  aortic  plexuses.  They  also  receive  filaments  from  the 
least  splanchnic  nerves,  when  these  nerves  are  present,  and  sometimes  filaments 
from  the  small  splanchnic  nerves  and  from  the  first  lumbar  ganglion  of  the  sympa- 
thetic trunk.  These  plexuses  pass  along  the  renal  arteries  into  the  substance  of  the 
kidneys.  Most  of  the  fibres  of  each  renal  plexus  are  grey  fibres,  and  as  they  pass  to 
the  kidneys  small  renal  ganglia  are  developed  upon  them.  Both  renal  plexuses 
give  branches  to  the  corresponding  spermatic  plexuses  and  to  the  ureter,  and  the 
right  renal  plexus  gives  filaments  also  to  the  inferior  vena  cava. 

(4  a)  The  spermatic  plexuses  (fig.  721)  are  formed  by  fibres  from  the  renal  and 
aortic  plexuses.  They  accompany  the  spermatic  arteries  and  are  joined  at  the  ab- 
dominal inguinal  (internal  abdominal)  ring  by  fibres  that  have  passed  along  the  vas 
deferens  from  the  pelvic  plexuses.  Their  terminal  filaments  are  distributed  to  the 
testis  and  the  epididymis. 

(4  b)  The  ovarian  plexuses  are  formed  in  the  female  like  the  spermatic  plexuses 
in  the  male.  They  accompany  the  ovarian  arteries  and,  in  the  broad  ligament, 
receive  fibres  from  the  utero-vaginal  plexus.  They  supply  the  ovaries,  the  broad 
ligaments,  and  the  Fallopian  tubes,  and  send  some  fibres  to  the  fundus  of  the  uterus, 
where  they  become  continuous  with  the  utero-vaginal  plexus. 

The  unpaired  subordinate  plexuses : — (1)  The  abdominal  aortic  plexus  is 
formed  by  two  strands  of  fibres  which  descend  along  the  sides  of  the  aorta  and 
communicate  with  each  other  across  its  ventral  aspect.  It  is  connected  above  with 
the  renal  plexuses,  and  it  receives  peripheral  branches  from  some  of  the  lumbar 
ganglia  of  the  sympathetic  trunk  on  each  side.  It  often  contains  a  number  of  gan- 
glia, which  are  situated  at  the  points  where  the  peripheral  branches  join  the  plexus, 
and  it  terminates  below,  chiefly  by  anastomoses  with  the  hypogastric  plexus  (figs. 
721  and  722).  Besides  giving  filaments  to  the  inferior  vena  cava,  it  also  gives 
fibres  that  form  plexuses  along  each  of  the  branches  of  the  aorta.  The  fibres  that 
pass  from  the  lower  end  of  the  aortic  plexus  upon  the  common  iliac  artery  form 
the  iliac  plexus,  which  is  continued  along  the  femoral  artery  as  the  femoral  plexus, 
and  still  further  along  the  popliteal  artery  as  the  popliteal  plexus. 

(2)  The  superior  gastric  (coronary)  plexus,  receiving  filaments  from  the 


1016 


THE  NERVOUS  SYSTEM 


coeliac  plexus,  accompanies  the  left  gastric  (coronary)  artery  along  the  lesser  curva- 
ture of  the  stomach.  Its  filaments  anastomose  with  filaments  of  the  vagus  nerves 
and  with  the  plexus  that  accompanies  the  right  gastric  (pyloric)  artery  (fig.  721), 
and  it  gives  fibres  to  the  walls  of  the  stomach  which  connect,  within  the  walls, 
with  the  delicate  gangliated  plexus  myentericus  and  plexus  submucosus  (plexuses 
of  Auerbach  and  Meissner). 

(3)  The  inferior  gastric  plexus  receives  from  the  splenic  plexus  filaments  that 
accompany  the  left  gastro-epiploic  artery.  It  gives  filaments  to  the  walls  of  the 
stomach,  and  communicates  with  filaments  from  the  vagus  nerves  and  with  the  plexus 
that  accompanies  the  right  gastro-epiploic  artery. 

(4)  The  hepatic  plexus  receives  filaments  from  the  cceliac  plexus  and  from  the 
left  vagus.  It  accompanies  the  hepatic  artery  and  gives  fibres  that  form  plexuses  on 
the  branches  of  the  artery  and  on  their  ramifications  within  the  liver.  It  also  gives 
filaments  to  the  portal  vein  (fig.  721). 

The  splenic  or  lienal  plexus  is  formed  by  filaments  from  the  cceliac  plexus,  the 
left  coeliac  (semilunar)  ganglion,  and  from  the  right  vagus.  It  accompanies  the 
splenic  artery  and  gives  filaments  which  form  plexuses  on  the  branches  of  this  artery, 
and  which  pass  with  the  branches  to  supply  fibres  to  the  stomach  and  the  pancreas 
(fig.  721). 

(5)  The  superior  mesenteric  plexus  is  formed  chiefly  by  filaments  frqm  the 
lower  part  of  the  cceliac  plexus,  but  it  also  receives  fibres  from  the  right  vagus  and 
fibres  direct  from  the  cceliac  (semilunar)  ganglia.  At  the  origin  of  this  plexus, 
behind  the  superior  mesenteric  artery,  lies  the  superior  mesenteric  ganglion  (fig.  721). 
The  filaments  of  the  plexus,  which  are  white  and  firm,  accompany  the  superior 
mesenteric  artery  and,  following  its  branches  and  their  ramifications,  are  distributed 
to  the  walls  of  the  small  intestine,  the  caecum,  and  the  ascending  and  transverse 
colon.  From  the  secondary  plexuses  that  accompany  the  branches  of  the  artery  fibres 
pass  to  form  still  other  plexuses  that  lie  near  the  wall  of  the  intestine,  between 
the  branches  of  the  artery  and  between  the  layers  of  the  mesentery.  Filaments 
pass  with  the  branches  of  the  arteries  and  from  plexuses  between  them  into  the 
intestinal  wall,  and  there  form  between  the  longitudinal  and  circular  muscle  layers 
of  the  intestine  the  fine  gangliated  plexus  myentericus  (plexus  of  Auerbach),  and 
filaments  from  this  plexus  form  in  the  submucosa  the  delicate  plexus  submucosus  or 
plexus  of  Meissner. 

(6)  The  inferior  mesenteric  plexus  is  derived  chiefly  from  the  left  side  of  the 
aortic  plexus.  It  descends  upon  the  inferior  mesenteric  artery  and  gives  off  fila- 
ments which  accompany  the  branches  of  the  artery  and  are  distributed  to  the 
descending  colon  and  to  the  ilio-pelvic  colon  (figs.  721  and  722).  The  filaments 
which  accompany  the  left  colic  branch  of  the  inferior  mesenteric  artery  anastomose 
with  the  filaments  of  the  superior  mesenteric  plexus  which  accompany  the  middle 
colic  artery.  The  filaments  which  accompany  the  superior  hemorrhoidal  artery 
form  the  superior  haemorrhoidal  plexus.  This  plexus  gives  off  the  superior 
hemorrhoidal  nerves  (fig.  722)  which  supply  the  upper  part  of  the  rectum  and  anasto- 
mose with  the  middle  hemorrhoidal  plexus. 

The  Hypogastric  Plexus 

The  hypogastric  plexus  lies  partly  in  the  abdominal  cavity  and  partly  in  the 
pelvic  cavity.  It  is  formed  chiefly  by  filaments  continued  downwards  from  the 
aortic  plexus,  and  by  the  pelvic  splanchnics  and  peripheral  branches  from  the 
lumbo-sacral  nerves  and  sympathetic  trunk  (fig.  716).  The  abdominal  part  of 
this  plexus  consists  of  plexiform  bundles  of  fibres  descending  between  the  common 
iliac  arteries  and  interlacing  in  front  of  the  fifth  lumbar  vertebra  to  form  a  broad, 
flattened,  plexiform  mass.  In  its  extent  it  receives  branches  from  the  lumbar 
ganglia  of  the  sympathetic  trunk.  This  plexiform  mass  then  divides  into  two  parts, 
right  and  left,  which  descend  into  the  pelvic  cavity  and  which,  by  English  authors, 
are  frequently  designated  as  the  pelvic  plexuses. 

The  pelvic  parts  of  the  hypogastric  plexus  (pelvic  plexuses)  lie  at  the  sides  of  the 
rectum  in  the  male,  and  at  the  sides  of  the  rectum  and  the  vagina  in  the  female. 
They  receive  peripheral  branches  from  the  sacral  ganglia  of  the  sympathetic  trunk 
and  efferent  splanchnic  fibres  by  way  of  the  pelvic  splanchnics  from  the  second  and 
third  or  third  and  fourth  sacral  spinal  nerves.    Each  pelvic  part  of  the  plexus  accom- 
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panies  the  corresponding  hypogastric  (internal  iliac)  artery,  and  gives  off  secondary 
plexuses  that  continue  on  the  branches  of  the  artery  to  the  pelvic  viscera.  Of  these 
secondary  plexuses,  the  middle  hsemorrhoidal  and  the  vesical  plexus  are  common  to 
both  sexes  and  are  paired. 

The  middle  hasmorrhoidal  plexus  passes  on  each  side  along  the  middle  hsemor- 
rhoidal artery  to  the  rectum,  where  it  receives  the  superior  hsemorrhoidal  nerves  and 
sends  filaments  into  the  wall  of  the  rectum  (fig.  722). 


Fig.  722. — The  Hypogastric  and  Sub-plexuses  of  the  Pelvic  Cavity.    (After  Spalteholz.) 
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The  vesical  plexus  receives  some  branches  from  the  pelvic  parts  of  the  hypogastric 
plexus,  but  is  largely  reinforced  by  the  pelvic  splanchnics,  from  the  third  and  fourth 
sacral  nerves.  Each  part  passes  along  the  corresponding  vesical  arteries  to  the  blad- 
der, and  gives  off  two  sets  of  branches,  namely,  the  superior  vesical  nerves  (fig.  722), 
which  supply  the  upper  part  of  the  bladder-wall  and  send  some  branches  to  the  ureter, 
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and  the  inferior  vesical  nerves,  which  supply  the  lower  part  of  the  bladder  and,  in  the 
male,  give  secondary  deferential  plexuses  to  the  vas  deferens.  These  plexuses  sur- 
round the  vasa  deferentia  and  the  vesiculae  seminales  and  anastomose  with  the 
spermatic  plexuses. 

The  prostatic  plexus,  found  only  in  the  male,  is  formed  in  two  parts  by  nerves 
of  considerable  size,  and  lies  chiefly  on  the  sides  of  the  prostate  gland  between  it  and 
the  levator  ani  (fig.  722).  Each  of  these  parts  supplies  the  gland  and  the  prostatic 
part  of  the  urethra,  and  sends  offsets  to  the  neck  of  the  bladder  and  the  vesiculae 
seminales.  This  plexus  is  continued  forwards  on  either  side  to  form  the  cavernous 
plexus  of  the  penis  (fig.  722),  which  anastomoses  with  branches  of  the  dorsal  nerve 
of  the  penis,  gives  off  branches  to  the  membranous  part  of  the  urethra,  and  also 
gives  origin  to  two  sets  of  nerves,  namely,  the  large  and  the  small  cavernous  nerves  of 
the  penis. 

The  large  cavernous  nerve,  one  on  each  side,  runs  forwards  to  the  middle  of  the 
dorsum  of  the  penis,  where  it  anastomoses  with  the  dorsal  nerve  of  the  penis  on  the 
corresponding  side,  and  ends  in  twigs  which  are  distributed  chiefly  to  the  corpus  caver- 
nosum  penis,  but  some  of  the  terminal  filaments  supply  the  corpus  cavernosum 
urethra?  (corpus  spongiosum)  (fig.  722). 

The  small  cavernous  nerves  are  small  filaments  which  pierce  the  uro-genital 
trigone  (triangular  ligament)  and  the  compressor  urethras,  and  enter  the  posterior 
part  of  the  corpus  cavernosum. 

The  plexus  utero-vaginalis,  found  in  the  female,  is  formed  in  its  upper  part  on 
each  side  largely  by  fibres  derived  from  the  pelvic  part  of  the  hypogastric  plexus,  but 
it  receives  some  fibres  from  the  pelvic  splanchnics  of  the  third  and  fourth  sacral 
nerves.  The  nerves  from  this  part  of  the  plexus  accompany  the  uterine  arteries  as 
they  pass  between  the  layers  of  the  broad  ligament.  Some  accompany  each  uterine 
artery  and  its  branches  to  their  termination,  but  a  considerable  number  of  fibres 
leave  the  artery  and  pass  into  the  body  of  the  uterus  to  supply  its  lower  part  and 
cervix.  Between  the  layers  of  the  broad  ligament  this  plexus_  anastomoses  with 
the  ovarian  plexus  and  sends  some  filaments  to  the  tuba  uterina  (Fallopian  tube). 
The  lower  part  of  the  plexus  utero-vaginalis  receives  some  fibres  on  each  side  from 
the  pelvic  part  of  the  hypogastric  plexus,  but  it  is  formed  chiefly  by  efferent 
splanchnic  fibres  from  the  second,  third,  and  fourth  sacral  nerves.  It  supplies  the 
wall  and  mucous  membrane  of  the  vagina  and  urethra.  From  the  plexus  on  the 
anterior  surface  of  the  vagina  fibres  pass  to  form  the  cavernous  plexus  of  the 
clitoris,  which  gives  off  the  great  and  lesser  cavernous  nerves  of  the  clitoris  for 
the  supply  of  the  clitoris.  The  utero-vaginal  plexus  of  the  female  corresponds  to 
the  prostatic  plexus  of  the  male. 


SECTION  VII 

ORGANS  OF  SPECIAL  SENSE 


THE  EYE 

By  R.  MARCUS  GUNN,  M.A.,  F.R.C.S., 

SENIOR  SURGEON  TO  THE  ROYAL   LONDON   OPHTHALMIC   HOSPITAL,   MOORFIELDS  ;    OPHTHALMIC    SURGEON  TO  THE 

NATIONAL  HOSPITAL 


THE  EYEBALL  AND  ITS  SURROUNDINGS 

General  Surface  View 

This  examination  is  to  be  made  prior  to  any  disturbance  of  the  parts,  and  is,  indeed,  best 
conducted  on  the  living  body.    A  pocket  magnifying  lens  should  be  at  hand  for  use  when  required. 

THE  two  eyes  are  situated  nearly  in  the  line  where  the  upper  and  middle  thirds 
of  the  face  meet;  they  lie  right  and  left  of  the  root  of  the  nose,  the  most 
prominent  part  of  the  front  of  each  globe  being  about  3  cm.  (1J  in.)  from 
the  middle  line  of  the  face.    Each  eye  is  overshadowed  by  the  corresponding  eye- 
brow, and  is  capable  of  being  concealed  by  its  eyelids,  upper  and  lower. 

The  orbital  margin  may  be  traced  all  round  with  the  finger.  At  the  junction  of 
the  inner  and  middle  thirds  of  the  upper  margin  the  supraorbital  notch  can  usually 
be  felt,  and  the  supraorbital  nerve  passing  through  it  can  sometimes  be  made  to  roll 
from  side  to  side  under  the  finger.  The  inner  margin  is  the  most  difficult  to  trace 
in  this  way,  partly  because  it  is  more  rounded  off  than  the  others,  partly  because 
it  is  bridged  over  by  a  firm  fibrous  band  (tendo  oculi,  or  inner  palpebral  liga- 
ment), passing  inwards  from  the  eyelids;  below  this  band,  however,  a  sharp  bony 
crest  is  felt,  which  iies  in  front  of  the  lachrymal  sac.  Note  how  the  eye  is  pro- 
tected by  the  rim  of  the  orbit,  above  and  below;  if  we  lay  a  hard  flat  "body  over 
the  orbital  opening,  it  will  rest  upon  the  upper  and  lower  bony  prominences,  and 
will  not  touch  the  surface  of  the  globe.  Inwards,  the  eye  is  protected  from  injury 
mainly  by  the  bridge  of  the  nose;  outwards  it  is  most  readily  vulnerable,  as  here 
the  orbital  rim  is  comparatively  low.  With  one  finger  placed  over  the  closed  upper 
lid,  now  press  the  eyeball  gently  backwards  into  the  orbit,  and  observe  the  elastic 
resistance  met  with,  due  to  the  fact  that  the  globe  rests  posteriorly  on  a  pad  of  fat. 

The  space  between  the  free  edges  of  the  upper  and  lower  lids  is  known  as  the 
palpebral  aperture  :  it  is  a  mere  slit  when  the  lids  are  closed;  but  when  they  are 
open  its  shape  is,  roughly,  that  of  an  almond  lying  with  its  long  axis  horizontal, 
and  about  thirty  millimetres  in  length. 

When  the  eyes  are  directed  to  an  object  straight  in  front  of  them,  this  aperture 
is  about  twelve  millimetres  wide,  but  its  width  varies  with  upward  and  downward 
movements  of  the  eyeball,  being  greatest  on  looking  strongly  upwards,  diminishing 
gradually  as  the  eye  looks  progressively  lower.  The  angles  formed  by  the  meeting  of 
the  lids  at  each  end  of  the  palpebral  aperture  are  named  respectively  the  outer  and 
inner  canthus,of  which  the  outer,  or  temporal,  is  sharp,  while  the  inner,  or  nasal, 
is  rounded  off.  On  a  closer  inspection,  it  will  be  found  that,  for  the  last  five  milli- 
metres or  so  before  reaching  the  inner  canthus,  the  edges  of  the  lids  run  an  almost 
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parallel  course,  and  are  here  devoid  of  lashes.  Through  the  open  palpebral  aperture 
the  front  of  the  eyeball  comes  into  view,  extending  quite  to  the  outer,  but  not 
reaching  as  far  as  the  inner,  canthus ;  just  within  the  latter  we  find  a  small  reddish 
prominence,  the  lachrymal  caruncle;  and  between  this  and  the  eyeball  a  fold  of 
conjunctiva  known  as  the  plica  semilunaris.  While  the  eye  is  open,  press  one 
finger  on  the  skin,  a  little  beyond  the  outer  canthus,  and  draw  it  firmly  outwards 
from  the  middle  line;  observe  that  the  upper  lid  then  falls  over  the  eyeball,  and 
that  the  outline  of  a  firm  band  already  referred  to  (the  tendo  oculi)  becomes  evident, 
passing  between  the  inner  canthus  and  the  nose.  The  falling  of  the  lid  is  caused 
by  our  dragging  upon  a  ligament  (the  outer  palpebral  raphe)  to  which  the  outer 
end  of  its  tarsus  is  attached,  and  so  putting  the  lid  itself  upon  the  stretch.  If, 
while  the  eyeball  is  directed  downwards,  we  place  one  finger  on  the  outer  end  of  the 
upper  eyelid  and  draw  it  forcibly  upwards  and  outwards,  we  can  usually  cause  the 
lower  division  of  the  lachrymal  gland  to  present  just  above  the  outer  canthus. 

The  upper  eyelid  is  much  broader  than  the  lower,  extending  upwards  as  far  as 
the  eyebrow.  The  skin  covering  it  is  loosely  attached  to  the  subjacent  tissues  above, 
but  more  firmly  below,  nearer  the  free  margin,  where  it  overlies  a  firm  fibrous  tis- 
sue called  the  tarsus.  When  the  eye  is  open,  a  fold  is  present  at  the  upper  border 
of  this  latter  more  tightly  applied  portion  of  skin,  called  the  superior  palpebral 
fold,  and  by  it  the  lid  is  marked  off  into  an  upper  or  orbital,  and  a  lower  or  tarsal, 
division.  The  presence  of  the  tarsus  can  be  readily  appreciated  on  our  pinching 
horizontally  the  entire  thickness  of  the  eyelid  below  the  palpebral  fold.  The  lower 
eyelid  is  similarly  divided  anatomically  into  a  tarsal  and  an  orbital  part,  but  the 
demarcation  is  sometimes  unrecognisable  on  the  surface,  though  there  is  usually 
here  also  a  fold  or  groove  (the  inferior  palpebral)  visible  when  the  eye  is  widely 
opened.  There  is  no  precise  limit  of  this  lid  below,  but  it  may  be  regarded  as 
extending  to  the  level  of  the  lower  margin  of  the  orbit.  Numerous  very  fine  short 
hairs  are  seen  on  the  cutaneous  surface  of  both  eyelids.  The  free  margin  of  each 
lid  has  two  edges — (a)  An  outer,  or  anterior,  rounded  edge,  along  which  the  stiff 
eyelashes,  or  cilia,  are  closely  placed  in  several  rows;  and  (b)  a  sharp  posterior 
edge,  which  is  applied  to  the  surface  of  the  globe  (see  fig.  743).  The  lashes  of  both 
eyelids  have  their  points  turned  away  from  the  palpebral  aperture,  so  that  the  upper 
ones  curve  upwards,  and  the  lower  downwards;  the  cilia  of  the  upper  lid  are  the 
stronger,  and  those  in  the  middle  of  each  row  are  longer  than  those  at  each  end. 
Between  the  two  edges  just  described,  the  lid-margin  has  a  smooth  surface,  on  which 
we  observe  a  single  row  of  minute  apertures,  which  are  the  openings  of  large  modi- 
fied sebaceous  glands  (the  tarsal  or  Meibomian  glands) ;  it  is  by  these  glistening, 
well-lubricated  surfaces  that  the  opposite  lids  come  into  apposition  when  they  are 
closed.  The  sharp  posterior  edge  of  the  lid-margin  marks  the  situation  of  the  transi- 
tion of  skin  into  mucous  membrane.  Not  far  from  the  inner  end  of  this  edge  we 
find  a  prominence,  the  lachrymal  papilla,  on  the  summit  of  which  is  a  small  hole 
(lachrymal  punctum),  the  opening  of  the  canaliculus  for  the  passage  of  tears  into 
the  lachrymal  sac.  The  lower  punctum  is  rather  larger  than  the  upper,  and  is 
placed  further  from  the  inner  canthus. 

If  we  now  examine  the  inner  surface  of  the  eyelids — e.  g.,  of  the  lower — we 
observe  that  it  is  lined  by  a  soft  mucous  membrane,  the  palpebral  conjunctiva. 
Over  the  tarsal  part  of  the  lid  the  conjunctiva  is  closely  adherent,  but  beyond  this 
it  is  freely  movable  along  with  the  loose  submucous  tissue  here  present.  On  tracing 
it  backwards,  we  find  that  it  covers  the  whole  inner  surface  of  the  lids,  and  is  then 
continued  forwards  over  the  front  of  the  eyeball,  forming  the  ocular  conjunctiva; 
the  bend  it  makes  as  it  changes  its  direction  here  is  called  the  conjunctival  cul-de-sac, 
or  fornix.  Numerous  underlying  blood-vessels  are  visible  through  the  palpebral 
conjunctiva,  and  beneath  the  tarsal  part  of  it  we  can  see  a  series  of  nearly  straight, 
parallel,  light  yellow  lines,  arranged  perpendicularly  to  the  free  margin  of  the 
lid — the  tarsal  glands.  The  conjunctiva  over  the  outer  and  inner  fourths  of  each 
lid  is  not  quite  so  smooth  as  elsewhere,  and  is  normally  of  a  deeper  red  colour;  we 
shall  find  later  that  there  are  glands  well  developed  in  these  positions. 

When  the  eyelids  are  opened  naturally,  we  see  through  the  palpebral  aperture 
the  following:  the  greater  part  of  the  transparent  cornea,  and  behind  it  the  coloured 
iris  with  the  pupil  in  its  centre;  white  sclerotic  to  the  outer  and  inner  sides  of  the 
cornea;  the  semilunar  fold  and  lachrymal  caruncle  at  the  inner  canthus.  The 
extent  of  the  eyeball  visible  in  this  way  varies  according  to  its  position.  Thus, 
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with  the  eyes  looking  straight  forwards,  the  lower  margin  of  the  upper  lid  is  nearly 
opposite  to  the  top  of  the  cornea,  or,  more  strictly,  to  a  line  midway  between  the 
top  of  the  cornea  and  the  upper  border  of  the  pupil,  while  the  lower  lid  corresponds 
with  the  lower  corneal  margin.  When  the  eyes  are  directed  strongly  upwards,  the 
upper  lid  is  relatively  on  a  slightly  higher  level,  as  it  is  simultaneously  raised,  but 
the  lower  lid  now  leaves  a  strip  of  sclerotic  exposed  below  the  cornea.  On  looking 
downwards  the  upper  lid  covers  the  upper  part  of  the  cornea  as  low  down  as  the 
level  of  the  top  of  the  pupil,  while  the  lower  lid  is  about  midway  between  the  pupil 
and  the  lower  corneal  border. 

If  we  draw  the  eyelids  forcibly  apart,  we  expose  the  whole  cornea,  and  a  zone 
of  sclerotic  about  eight  and  a  half  millimetres  in  breadth  above  and  below,  and  ten 
millimetres  in  breadth  to  the  outer  and  inner  sides — altogether  about  one-third  of 
the  globe;  all  the  eyeball  thus  exposed  is  covered  by  the  ocular  conjunctiva.  Over 
the  sclerotic  the  conjunctiva  is  freely  movable,  and  through  it  we  see  superficial 
blood-vessels  that  can  be  made  to  slip  from  side  to  side  along  with  it  (conjunctival 
vessels).  Occasionally  other  deeper  vessels  may  also  be  seen  which  do  not  move 
with  the  conjunctiva,  but  are  attached  to  the  sclerotic  (anterior  ciliary  arteries  and 
veins).  Near  the  corneal  border  the  conjunctiva  ceases  to  be  freely  movable,  and 
it  is  closely  adherent  to  the  whole  anterior  surface  of  the  cornea,  giving  the  latter 
its  characteristic  bright,  reflecting  appearance;  no  blood-vessels  are  visible  through 
it  here  in  health.    (When  the  lids  are  shut,  the  space  enclosed  between  their  pos- 


Fig.  723. — View  of  Eyeball,  Etc.,  Obtained  on  Drawing  the  Lids  Forcibly  Apart. 

(After  Merkel,  slightly  modified.) 
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terior  surfaces  and  the  front  of  the  eyeball  is  thus  everywhere  covered  by  conjunc- 
tiva, and  is  known  as  the  conjunctival  sac.) 

Not  unfrequently  the  tendinous  insertions  of  some  or  all  of  the  recti  muscles 
into  the  sclerotic  may  be  seen  through  the  conjunctiva,  each  insertion  appearing  as 
a  series  of  whitish  parallel  lines  running  towards,  but  terminating  about  seven 
millimetres  from,  the  corresponding  corneal  border.  The  cornea  appears  as  a 
transparent  dome,  having  a  curvature  greater  than  that  of  the  sclerotic;  the  junc- 
tion of  the  two  unequally  curved  surfaces  is  marked  by  a  shallow  depression  run- 
ning around  the  cornea,  known  as  the  scleral  sulcus.  In  outline  the  cornea  is 
nearly  circular,  but  its  horizontal  diameter  is  slightly  greater  than  its  vertical. 
Between  it  and  the  iris  a  space  exists,  whose  depth  we  can  estimate  roughly  by  looking 
at  the  eye  from  one  side;  this  space,  or  anterior  chamber,  is  occupied  by  a  clear 
fluid,  the  aqueous  humour.  Almost  the  whole  anterior  surface  of  the  iris  is  visible, 
its  extreme  periphery  only  being  concealed  by  sclerotic.  In  colour  the  iris  varies 
greatly  in  different  individuals.  Near  its  centre  (really  a  little  up  and  in)  a  round 
hole  exists  in  the  iris,  the  black  pupil,  whose  size  varies  considerably  in  different 
eyes,  and  in  the  same  eye  according  to  temporary  conditions,  such  as  exposure  to 
light,  etc. 

In  examining  the  surface-markings  of  the  living  iris,  one  of  dark  colour  is  to  be  preferred. 
Focal  illumination  will  be  found  useful,  for  which  purpose  a  second  convex  lens  will  be  required. 

On  the  surface  of  the  iris  we  see  a  number  of  ridges  running  more  or  less  radially  ; 
adjoining  ones  occasionally  unite  and  interlace  to  some  extent,  so  as  to  leave  large 
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depressed  meshes  at  intervals.  The  radial  ridges  coming  from  the  edge  of  the 
pupil,  and  those  coming  from  the  more  peripheral  part  of  the  iris,  meet  in  a  zigzag 
elevated  ridge  concentric  with  the  pupil,  called  the  corona  iridis,  and  by  this  ridge 
the  iris  is  roughly  marked  off  into  two  unequal  zones — an  outer,  the  greater  or  ciliary, 
and  an  inner,  the  lesser  or  pupillary — of  which  the  inner  is  much  the  narrower. 
The  border  next  the  pupil  is  edged  with  small,  roundish,  bead-like  prominences  of 
a  dark  brown  colour,  separated  from  one  another  by  depressions,  so  that  it  presents 
a  finely  notched  contour.  Not  infrequently,  in  a  light-coloured  iris,  we  may  see  the 
sphincter  muscle  through  the  anterior  layers,  in  the  form  of  a  ring  about  one  milli- 
metre in  breadth  around  the  pupil.  The  ciliary  zone  may  be  described  as  con- 
sisting of  three  parts: — (a)  A  comparatively  smooth  zone  next  the  zigzag  ridge; 
(b)  a  middle  area,  showing  concentric  but  incompletely  circular  furrows;  (c)  a 
small  peripheral  darker  part,  presenting  a  sieve-like  appearance.  On  the  floor  of 
the  large  depressed  meshes,  or  crypts,  parallel  radial  vessels  can  be  traced,  belonging 
to  the  iris-stroma.  The  zigzag  line  mentioned  above  corresponds  to  the  position 
of  the  circulus  arteriosus  minor.  Occasionally,  especially  in  a  light  iris,  super- 
ficial pigment  spots  of  a  rusty  brown  colour  occur. 

If  we  are  examining  the  living  eye,  the  ophthalmoscope  should  now  be  used,  so  as  to  gain  a 
view  of  the  fundus.  We  can  thus  study  the  termination  of  the  optic  nerve,  the  distribution  of 
the  larger  retinal  vessels,  etc. 

The  general  red  reflex  obtained  from  the  fundus  is  due  to  the  blood  in  a  capil- 
lary network  (chorio-capillaris)  situated  in  the  inner  part  of  the  chorioid.  To 


Fig.  724. — Left  Fundus  Oculi  ,  as  seen  by  direct  Ophthalmoscopic  Method. 


the  nasal  side  of  the  centre  of  the  fundus  is  a  paler  area  of  a  disc  shape  corresponding 
to  the  intraocular  end  of  the  optic  nerve,  and  known  as  the  papilla  of  the  optic 
nerve  or  optic  disc.  This  optic  disc  is  nearly  circular,  but  usually  slightly  oval 
vertically;  it  is  of  a  light  orange-pink  colour,  with  a  characteristic  superficial  trans- 
lucency;  its  outer  third  segment  is  paler  than  the  rest  from  the  nerve-fibres  and 
capillaries  here  being  fewer.  About  its  centre  we  often  observe  a  well-marked 
whitish  depression  or  gap,  formed  by  the  dispersion  of  the  nerve-fibres  as  they  spread 
out  over  the  fundus;  at  the  bottom  of  this  depression  a  sieve-like  appearance  may 
be  seen,  due  to  the  presence  of  the  lamina  cribrosa,  which  consists  of  a  white  fibrous 
tissue  framework,  with  small,  roundish,  light-grey  meshes  in  it,  through  which 
latter  the  nerve-fibre  bundles  pass.  Also  near  the  centre  of  the  disc,  the  retinal 
blood-vessels  first  come  into  view,  the  arteries  narrower  in  size  and  lighter  in  colour 
than  the  veins;  they  divide  dichotomously  as  they  are  distributed  over  the  fundus. 
The  retina  proper  is  so  transparent  as  to  be  ophthalmoscopically  invisible,  but  its 
pigment-epithelium  gives  a  very  finely  granular  or  darkly  stippled  appearance  to 
the  general  red  reflex.  In  the  centre  of  the  fundus,  and  therefore  to  the  outer  side 
of  the  disc,  the  ophthalmoscope  often  shows  a  shifting  halo  of  light  playing  round 
a  horizontally  oval,  comparatively  dark  enclosed  area;  this  latter  corresponds  to 
the  yellow  spot  region,  and  about  its  centre  a  small  pale  spot  usually  marks  the 
position  of  the  fovea  centralis. 


Retinal  artery 


Retinal  vein 


—  LAMINA  CRIBROSA 


MACULA  LUTEA  AND  FOVEA  CENTRALIS 


Two  structures  visible  at  the  nasal  end  of  the  palpebral  aperture  have  been 
previously  mentioned,  and  should  now  be  examined  more  narrowly.    The  lachry- 
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mal  caruncle  is  in  reality  an  island  of  modified  skin,  and  fine  hairs  can  commonly 
be  detected  on  its  surface.  On  its  outer  side,  separated  from  it  by  a  narrow  groove, 
is  the  semilunar  fold  of  conjunctiva;  it  rests  on  the  eyeball,  and  is  a  rudiment 
of  the  third  eyelid  or  nictitating  membrane,  present  in  birds  and  well  represented 
in  many  other  vertebrates. 

Examination  of  the  Eyeball, 

The  eyeball  of  a  cadaver  should  now  be  removed  by  snipping  with  scissors  the  conjunctiva 
near  the  corneal  border,  then  cutting  through  the  ocular  muscles  near  their  insertion  into  the 
globe,  and  finally  dividing  the  optic  nerve  close  to  the  sclerotic. 

The  eyeball  is  almost  spherical,  but  not  perfectly  so,  mainly  because  its  an- 
terior, clear,  or  corneal  segment  has  a  greater  curvature  than  the  rest  of  the  eye. 
Considering  it  as  a  globe,  however,  we  speak  of  an  anterior  and  of  a  posterior 
pole;  the  former  corresponding  to  the  middle  of  the  front  of  the  cornea,  the  lat- 
ter to  the  middle  of  the  posterior  curvature.  An  imaginary  straight  line  joining 
the  two  poles  is  called  the  antero-posterior  or  sagittal  axis  of  the  eyeball.  The 
equator  of  the  eye  is  that  part  of  its  surface  which  lies  midway  between  the  two 
poles.  The  sagittal  axis  of  the  globe  is  the  greatest  (about  24'5  mm.),  the  ver- 
tical equatorial  the  least  (about  23 "5  mm.),  and  the  transverse  equatorial  axis  is 
intermediate  in  length  (about  23 "9),  so  that  the  eyeball  is  in  reality  an  ellipsoid, 
flattened  slightly  from  above  downwards.  Again,  if  the  globe  is  divided  in  its 
antero-posterior  vertical  plane,  the  nasal  division  will  be  found  to  be  slightly  smaller 
than  the  temporal.  The  optic  nerve  joins  the  globe  three  or  four  millimetres  to 
the  nasal  side  of  the  posterior  pole. 

The  shape  of  the  eye  depends  on,  and  is  preserved  by,  the  outermost  tunic, 
formed  conjointly  by  the  cornea  and  sclerotic,  the  entire  outer  surfaces  of  which 
are  now  in  view.  The  anterior  or  corneal  part  has  been  already  examined.  All 
around  the  cornea  there  remains  a  little  adherent  conjunctiva;  elsewhere,  the 
sclerotic  is  directly  exposed,  except  for  some  loose  connective  tissue  which  adheres 
to  it,  especially  around  the  optic  nerve  entrance.  In  front  of  the  equator  we  see 
the  tendinous  insertions  of  the  four  recti  muscles.  Behind  the  equator  are  the 
insertions  of  the  two  oblique  muscles — that  of  the  superior  oblique  tendinous, 
and  further  forwards;  that  of  the  inferior  more  fleshy,  and  placed  between  the  optic 
nerve  and  the  external  rectus. 

It  is  difficult  to  recognise  the  different  recti  muscles  by  their  insertions  if  we  do  not  know 
whether  the  eye  examined  is  a  right  or  a  left  one.  To  determine  this  we  should  hold  the  globe 
with  the  optic  nerve  towards  us,  and  in  the  natural  position  with  the  superior  oblique  tendon 
uppermost.  The  inferior  oblique  tendon  will  now  point  to  the  side  to  which  the  eye  belongs,  and 
we  can  consequently  determine  the  different  recti  muscles. 

The  internal  rectus  is  inserted  nearest  (7  mm.  from)  the  corneal  border;  the 
external  rectus  commonly,  sometimes  the  superior,  is  inserted  furthest  from  it 
(about  8  mm.).  All  the  recti  tendons  are  broad  and  thin,  but  that  of  the  internal 
is  the  broadest  (8  mm.);  those  of  the  external  and  inferior  the  narrowest  (6  mm.). 
The  greatest  interval  between  two  neighbouring  tendons  is  that  between  the  supe- 
rior and  internal  recti  (about  12  mm.);  the  least  is  between  the  superior  and  ex- 
ternal (7  mm.).  The  form  of  the  lines  of  insertion  of  the  different  tendons  varies 
considerably,  the  inferior  being  almost  straight,  the  superior  and  external  convex 
forwards,  the  internal  further  removed  from  the  corneal  border  below  than  above. 

The  insertions  of  the  obliques  are  at  more  than  double  the  average  distance  of 
the  insertions  of  the  recti  from  the  corneal  border.  That  of  the  superior  oblique  is 
found  on  the  superior  surface  of  the  sclerotic,  about  sixteen  millimetres  from  the 
corneal  edge,  in  the  form  of  a  line  sloping  from  before  backwards  and  inwards. 
The  inferior  oblique  has  a  long  fleshy  insertion  lying  between  the  external  rectus 
and  the  optic  nerve  entrance;  the  posterior  end  of  the  insertion,  which  is  also  the 
higher,  is  only  about  six  millimetres  from  the  optic  nerve,  and  from  this  point 
it  slopes  forwards,  outwards,  and  slightly  downwards. 

Several  small  nerves  and  two  arteries  may  be  seen  running  forwards  and  ulti- 
mately perforating  the  sclerotic  not  far  from  the  entrance  of  the  optic  nerve.  The 
two  arteries  are  the  long  posterior  ciliary ;  they  both  perforate  the  globe  in  the  hori- 
zontal meridian,  one  on  the  outer,  the  other  on  the  inner,  side.    The  short  ciliary 


1024 


ORGANS  OF  SPECIAL  SENSE 


arteries  are  too  small  to  be  seen  in  an  ordinary  examination.  The  nerves  are  the 
long  and  short  ciliary.  Nearer  the  equator,  the  large  venous  trunks  emerge;  they 
can  be  traced  for  some  distance  in  front  of  their  exit  as  dark  lines,  running  antero- 
posteriorly  beneath  the  sclerotic.  The  optic  nerve  is  seen  in  section,  surrounded 
loosely  by  a  thick  outer  sheath;  in  the  centre  of  the  nerve-section  a  small  red  spot 
indicates  the  position  of  the  central  retinal  blood-vessels. 

For  ordinary  dissections  eyes  of  the  sheep,  pig,  or  bullock  should  be  obtained.  Divide  an 
eyeball  into  fore  and  hind  halves  by  cutting  through  it  in  the  equatorial  plane. 

1.  Posterior  hemisphere  seen  from  in  front. — This  is  much  the  same  view  that  the  ophthal- 
moscope affords  us.  Unless  the  eye  be  very  fresh,  however,  the  retina  will  have  lost  its  trans- 
parency, and  will  now  present  the  appearance  of  a  thin  whitish  membrane,  detached  in  folds 
from  the  underlying  coats,  but  still  adherent  at  the  optic  disc.  The  vitreous  jelly  lying  within 
the  retinal  cup  may  be  torn  away.  In  the  human  eye  the  retina  next  the  posterior  pole  is  stained 
yellow  (macula  lutea).  On  turning  the  retina  over,  a  little  pigment  may  be  seen  adhering 
to  its  outer  surface  here  and  there.  Cut  through  the  retina  close  to  the  optic  disc  all  around 
and  remove  it:  note  how  easily  it  is  torn.  We  now  see  a  dark  brown  surface,  consisting  of  the 
retinal  pigment  layer,  adherent  to  the  inner  surface  of  the  chorioid.  Brush  off  the  retinal  pig- 
ment under  water.  The  chorioid  thus  exposed  can  for  the  most  part  be  fairly  easily  torn  away 
from  the  thick  sclerotic,  as  a  lymph-space  exists  between  them,  but  the  attachment  is  firm 
around  the  optic  nerve  entrance,  and  also  where  the  arteries  and  nerves  join  the  chorioid  after 
penetrating  the  sclerotic.  The  chorioid  is  darkly  pigmented,  of  a  brown  colour,  with  markings  on 
its  surfaces  corresponding  to  the  distribution  of  its  large  veins.  The  inner  surface  of  the  sclerotic 
is  of  a  light  brownish  colour,  mainly  from  the  presence  of  a  delicate  pigmented  layer,  the  mem- 


brana  suprachorioidea,  which  adheres  partly  to  it,  partly  to  the  chorioid,  giving  to  their  adjacent 
surfaces  a  flocculent  appearance  when  examined  under  water. 

2.  Anterior  hemisphere  viewed  from  behind. — The  round  opening  of  the  pupil  is  visible  in 
the  middle,  with  the  large  clear  crystalline  lens  lying  nearer  us.  The  retina  proper  extends 
forwards  a  little  way  from  our  line  of  section,  and  then  ends  abruptly  in  a  wavy  line  called  the  ora 
serrata,  beyond  which  it  is  only  represented  by  a  very  thin  membrane  (pars  ciliaris  retinae). 
Outside  the  periphery  of  the  lens  are  a  number  of  ciliary  processes  arranged  closely  together 
in  a  circle  concentric  with  the  pupil,  and  each  radially  elongated;  posteriorly  they  are  continuous 
with  numerous  fine  folds,  also  radial,  which  soon  get  very  indistinct  as  they  pass  backwards,  but 
reach  almost  to  the  ora  serrata  (plicae  ciliares).  Between  the  front  of  the  ciliary  processes  and 
the  edge  of  the  pupil  lies  the  iris.  On  removal  of  the  retina  the  inner  surface  of  all  this  region 
is  seen  to  be  darkly  pigmented,  but  especially  dark  in  front  of  the  position  of  the  ora  serrata. 
Vitreous  probably  still  adheres  to  the  back  of  the  lens,  and  by  pulling  upon  it  the  lens  can  be 
removed  along  with  its  capsule  and  suspensory  ligament;  some  pigment  will  now  be  found 
adhering  to  the  front  of  the  vitreous,  torn  from  the  ciliary  processes,  which  are  consequently 
now  lighter  in  colour  than  before.  The  lens-capsule  is  transparent,  and  has  a  smooth  glistening 
outer  surface;  through  it  a  greyish,  star-sh'aped  figure  may  be  observed  on  the  anterior  and 
posterior  surfaces  of  the  lens.  The  suspensory  ligament  is  a  transparent  membrane  attached  to 
the  capsule  of  the  lens  about  its  equator,  and  is  best  seen  by  floating  the  lens  in  water  in  a  glass 
vessel  placed  on  a  dark  ground.  On  opening  the  capsule  we  expose  the  lens  itself,  which  is 
superficially  soft  and  glutinous  to  the  touch,  but  becomes  firmer  as  we  rub  off  its  outer  layers  and 
approach  its  centre.  Carefully  tear  the  chorioid  and  iris  from  the  sclerotic  as  far  as  possible; 
a  firm  adhesion  exists  just  behind  the  corneal  periphery.  The  outer  surface  of  the  chorioid 
thus  exposed  is  found  to  be  also  rather  darkly  pigmented,  but  it  shows  a  white  ring  correspond- 
ing to  the  adhesion  just  mentioned,  and  a  pale  area  behind  this  ring  indicates  the  position  of 
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the  ciliary  muscle.  On  this  surface  numerous  white  nerve-oords  are  visible  running  forwards. 
Observe  that  the  iris,  the  ciliary  processes,  etc.,  and  the  chorioid  are  all  different  parts  of  the 
same  ocular  tunic — mere  local  modifications  of  it.  Similarly  the  sclerotic  and  cornea  are  seen  to 
blend  together  to  form  one  outer  coat. 

An  eyeball  should  now  be  placed  for  half  an  hour  in  a  freezing  mixture  of  crushed  ice  and 
■salt.  It  will  thus  become  quite  hard,  and  should  at  once  be  divided  into  two  parts  by  cutting  it 
antero-posteriorly  through  the  centre  of  the  cornea  and  the  optic  nerve.  We  thus  gain  another 
view  of  the  relations  of  parts,  the  position  of  the  lens  between  the  aqueous  and  vitreous  chambers, 
etc.  On  removing  the  lens,  vitreous,  and  retina,  and  brushing  off  its  pigment,  the  light  mark- 
ings corresponding  to  the  chorioidal  veins  (venae  vorticosae)  should  be  noted,  and  their  distri- 
bution studied.  Usually  four  vortices  or  fountain-like  markings  are  found  in  the  whole  chorioid, 
their  points  of  junction  situated  at  approximately  equal  distances  from  one  another  at  about  the 
line  where  the  posterior  and  middle  thirds  of  the  globe  meet.  These  sections  should  be  kept  for 
reference  while  following  the  further  description  of  the  ocular  tunics. 

1.  The  outer,  fibrous  coat  of  the  eye  is'formed  by  the  sclerotic  and  cornea, 
which  pass  into  one  another  at  the  scleral  sulcus.  It  consists  throughout  mainly 
of  fine  connective-tissue  fibres,  arranged  in  interlacing  bundles,  with  small  lymph- 
spaces  at  intervals  between  them.  The  naked-eye  appearance  of  the  two  divisions 
of  this  fibrous  coat  is,  however,  quite  different,  the  cornea  being  transparent,  while 
the  sclerotic  is  white  and  opaque. 

The  sclerotic  encloses  the  posterior  five-sixths  or  so  of  the  eyeball,  but  there  is 
a  hole  in  it  at  the  entrance  of  the  optic  nerve  (foramen  sclerae),  only  partially 
bridged  across  by  fibres  from  its  inner  layers  forming  the  lamina  cribrosa.  The 
fibre-bundles  composing  the  sclerotic  are  arranged  more  irregularly  than  in  the 
cornea,  and  run  mainly  in  two  directions,  viz.,  from  before  backwards,  and  circularly; 
the  circular  fibres  are  particularly  well  developed  just  behind  the  sulcus.  It  is 
thickest  (about  1mm.)  posteriorly,  where  it  is  strengthened  chiefly  by  the  outer 

Fig.  726. — Equatorial  Section  of  Eyeball:  Anterior  Segment  viewed  from 

behind.    (After  Merkel.) 


sheath  of  the  optic  nerve,  and  partly  also  by  the  tissue  surrounding  the  ciliary 
vessels  and  nerves.  It  becomes  gradually  thinner  as  it  passes  forwards,  up  to 
the  line  of  insertion  of  the  recti  muscles,  in  front  of  which  line  it  is  again  reinforced 
by  their  tendinous  fibres  becoming  incorporated  with  it.  In  children  the  sclerotic 
is  often  so  thin  as  to  allow  the  underlying  chorioidal  pigment  to  show  through, 
appearing  then  of  a  bluish  white.  In  the  aged,  again,  it  is  sometimes  yellowish. 
It  always  contains  a  few  pigment  cells,  but  these  are  in  the  deep  layer  (lamina 
fusca) ,  and  only  become  visible  externally  where  the  sclerotic  is  pierced  by  vessels  and 
nerves  going  to  the  chorioid.  It  is  itself  almost  non-vascular,  but  quite  at  its  ante- 
rior end  a  large  venous  sinus  (canal  of  Schlemm)  runs  in  its  deeper  layers  circu- 
larly around  the  cornea.  Just  in  front  of  this  sinus,  at  the  corneal  limbus,  the 
sclerotic  merges  into  the  cornea,  its  deep  layers  changing  first,  and  finally  the  super- 
ficial ones. 

The  cornea  is  thickest  at  its  periphery,  and  becomes  gradually  thinner  towards 
its  centre;  the  curvature  of  its  posterior  is  consequently  greater  than  that  of  its 
anterior  surface,  but  even  the  latter  is  more  curved  than  the  surface  of  the  sclerotic. 
In  the  cornea  proper,  fibre-bundles  are  arranged  so  as  to  form  a  series  of  super- 
posed lamellae,  each  of  which  is  connected  here  and  there  to  the  adjacent  ones  by 
fibres  passing  from  one  to  the  other,  so  that  they  can  only  be  torn  apart  with  diffi- 
culty. The  corneal  lymph-spaces  communicate  with  one  another  by  very  fine 
canals,  and  thus  not  only  is  a  thorough  lymph-circulation  provided  for,  but  the 
protoplasm  with  which  these  spaces  are  partially  occupied  may  be  also  regarded 
as  continuous  throughout.  It  contains  no  blood-vessels,  with  the  exception  of 
a  rich  plexus  at  its  extreme  periphery,  on  which  its  nutrition  is  ultimately  dependent. 
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The  most  superficial  part  of  the  true  cornea  appears  homogeneous,  even  when 
highly  magnified  (anterior  elastic  lamina,  Bowman's  membrane),  though  there 
is  reason  to  believe  that  its  structure  only  differs  from  that  already  described  in  the 
closeness  of  its  fibrous  texture ;  the  two  parts  are  certainly  connected  by  fine  fibres. 
Anteriorly,  the  cornea  is  covered  by  an  extension  of  the  ocular  conjunctiva,  in  the 
form  of  an  epithelium  several  layers  deep.  Posteriorly,  the  cornea  is  lined  by  a 
firm,  thin,  glass-like  layer  (posterior  elastic  lamina,  membrane  of  Descemet), 
distinct  from  the  corneal  tissue  both  anatomically  and  chemically.  At  the  peri- 
phery this  membrane  breaks  up  into  a  number  of  fibres,  which  mainly  arch  over 
to  join  the  base  of  the  iris  (ligamentum  pectinatum  iridis).  The  interstices 
between  these  fibres  constitute  spaces  (spaces  of  Fontana)  freely  communicating 
with  the  aqueous  chamber  on  the  one  hand,  and  indirectly  with  the  canal  of  Schlemm 
on  the  other.  Descemet 's  membrane  is  in  turn  lined  by  a  single  layer  of  flat  cells, 
which  are  continuous  peripherally  with  cells  lining  the  spaces  of  Fontana  and  the 
anterior  surface  of  the  iris.  The  cornea  is  richly  supplied  with  nerves,  particularly 
in  its  most  superficial  layers. 

2.  The  dark,  middle,  or  vascular  coat  of  the  eye,  generally  known  as  the 
uveal  tract,  is  formed  by  the  iris,  ciliary  body,  and  chorioid.  It  is  closely  applied 
to  the  sclerotic,  but  actually  joins  it  only  at  the  anterior  and  posterior  limits  of  their 
course  together,  viz.,  at  the  scleral  sulcus,  and  around  the  optic  nerve  entrance.  In 
front  of  the  sulcus  the  middle  coat  no  longer  lines  the  outer,  being  separated  from 
it  (i.  e.,  the  iris  from  the  cornea)  by  a  considerable  space  filled  with  fluid,  called  the 
anterior  aqueous  chamber.  The  uveal  tract  has  two  openings  in  it ;  a  larger  one  in 
front,  the  pupil,  and  a  smaller  one  behind,  for  the  passage  of  the  optic  nerve.  Its 
structure  is  that  of  a  pigmented  connective  tissue,  supporting  numerous  blood- 
vessels and  containing  many  nerves  and  three  deposits  of  smooth  muscle-fibres. 

The  chorioid  forms  the  posterior  part  of  the  uveal  tract,  and  extends,  with 
slowly  diminishing  thickness,  forwards  as  far  as  the  ora  serrata.  Its  outer  and 
inner  surfaces  are  both  formed  by  non-vascular  layers;  that  covering  the  outer,  the 
membrana  suprachorioidea,  is  pigmented,  arranged  in  several  fine  loose  lamellae, 
and  has  been  seen  in  our  dissection;  that  covering  the  inner  surface  is  a  thin,  trans- 
parent, homogeneous  membrane, called  the  basal  or  vitreous  lamina  of  the  chorioid, 
or  the  membrane  of  Bruch.  The  intervening  chorioidal  stroma  is  very  rich  in  blood- 
vessels, which  are  of  largest  size. next  its  outer  surface,  and  become  progressively 
smaller  as  we  approach  the  vitreous  lamina,  next  to  which  we  find  a  layer  of  closely 
placed  wide  capillaries,  called  the  lamina  chorio-capillaris.  The  pigment  becomes 
less  in  amount  as  we  pass  inwards,  and  finally  ceases,  being  absent  entirely  from 
the  chorio-capillary  and  vitreous  lamina?. 

In  front  of  the  ora  serrata  the  uveal  coat  becomes  considerably  modified,  and 
the  part  reaching  from  here  to  the  iris  may  conveniently  be  termed  the  ciliary  region 
of  the  tract,  or  ciliary  body.  Its  superficial  aspects  have  been  already  briefly 
described.  In  front,  the  ciliary  processes,  about  seventy  in  number,  project  towards 
the  interior  of  the  eye,  forming  the  corona  ciliaris.  Behind  this  part  lies  the 
orbiculus  ciliaris,  whose  inner  surface  is  almost  smooth,  faint  radial  folds  only 
being  present,  three  or  four  of  which  join  each  ciliary  process.  The  more  minute 
structure  of  this  ciliary  region  resembles  closely  that  of  the  chorioid,  except  that 
the  chorio-capillaris  is  no  longer  present,  that  the  stroma  is  thicker  and  richer  in 
blood-vessels,  and  that  a  muscular  element  (ciliary  muscle)  exists  between  the 
vascular  layer  and  the  membrana  suprachorioidea.  On  antero-posterior  section  the 
ciliary  body  is  triangular;  the  shortest  side  looks  forwards,  and  from  about  its  mid- 
dle the  iris  arises;  the  two  long  sides  look  respectively  inwards  and  outwards,  the 
inner  having  the  ciliary  processes  upon  it,  while  the  outer  is  formed  by  the  ciliary 
muscle.  This  muscle  possesses  smooth  fibres  and  consists  of  an  outer  and  an  inner 
division;  in  the  outer  the  fibres  run  longitudinally,  inserted  into  the  outer  fibrous 
coat  of  the  eye  at  the  sclero-corneal  junction  in  front,  and  passing  backwards  to 
join  the  outer  layers  of  the  orbiculus  and  chorioid;  the  inner  contains  circularly  run- 
ning fibres  situated  next  to  the  ciliary  processes.  The  entire  muscle  is  destitute  of 
pigment,  and  therefore  is  recognisable  in  the  section  by  its  light  colour.  The  whole 
thickening  of  the  uveal  tract  in  this  region,  muscle  and  folds  and  processes  together, 
is  named  the  ciliary  body. 

The  iris  projects  into  the  interior  of  the  front  half  of  the  eye  in  the  form  of  a 
circular  disc  perforated  in  the  middle.    The  appearance  of  its  anterior  surface  has 


EXAMINATION  OF  THE  EYEBALL 


1027 


already  been  described.  Its  posterior  surface  exhibits  numerous  radial  folds  run- 
ning from  the  ciliary  processes  to  near  the  pupillary  border;  a  thick  layer  of  black 
pigment  covers  it  and  curls  around  its  inner  edge,  so  as  to  come  into  view  all  around 
the  pupil  as  seen  from  in  front.  The  peripheral  or  ciliary  border  of  the  iris  is  con- 
tinuous with  the  front  of  the  ciliary  body,  where  it  also  receives  fibres  from  the 
ligamentum  pectinatum  iridis;  in  other  respects  the  iris  is  quite  free,  merely  resting 
on  the  front  of  the  lens-capsule  near  the  pupil.  Its  stroma  is  spongy  in  character, 
being  made  up  of  vessels  covered  by  a  thick  adventitia,  running  from  the  periphery 
to  the  pupillary  border,  with  interspaces  filled  by  branching  pigment  cells,  which 
are  particularly  abundant  near  the  front  surface.  Deep  in  the  stroma,  running 
around  near  the  pupillary  border,  we  find  a  broad  flat  band  of  smooth  muscle-fibres, 
constituting  the  sphincter  pupillae  or  sphincter  iridis.    Immediately  behind  the 


Fig.  727. — Diagrammatic  Horizontal  Section  op  Eyeball  and  Orbit. 
(After  Fuchs,  much  modified.) 
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vascular  tissue  lies  a  thin  membrane,  consisting  of  fine,  straight  fibres  running 
radially  from  the  ciliary  border  to  just  behind  the  sphincter.  The  nature  of  these 
fibres  was  long  in  dispute,  but  they  are  now  accepted  as  being  undoubtedly  smooth 
muscular — the  dilator  pupillae. 

The  sphincter  pupillae  and  the  ciliary  muscle  are  supplied  by  the  third  nerve  by 
way  of  the  ciliary  ganglion.  The  dilator  pupillae  is  supplied  by  sympathetic  fibres, 
which  have  their  origin  from  the  cells  of  the  superior  cervical  ganglion.  Thence  they 
ascend  in  the  carotid  and  cavernous  plexuses,  and  join  the  ophthalmic  division  of 
the  fifth  nerve,  passing  to  the  eyeball  by  way  of  the  long  ciliary  nerves.  The  white 
rami  fibres  associated  with  these  fibres  leave  the  spinal  cord  by  the  motor  roots  of 
the  first  two  or  three  thoracic  nerves,  and  ascend  the  sympathetic  trunk  to  the 
superior  cervical  ganglion  without  interruption. 

Posteriorly  the  iris  is  lined  by  the  pigment  already  mentioned,  which  really 
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consists  of  two  layers  of  pigmented  cells,  each  layer  representing  the  extension  for- 
wards of  one  subdivision  of  the  retina.  The  front  of  the  iris  is  covered  by  a  delicate 
epithelial  layer,  a  continuation  of  that  lining  Descemet's  membrane.  The  colour 
of  the  iris  in  different  individuals  depends  upon  the  amount  of  stromal  pigment. 

3.  The  innermost  or  nervous  coat. — The  inner  surface  of  the  uveal  tract 
is  everywhere  lined  by  a  layer  of  pigment  of  corresponding  extent,  which  usually 
adheres  to  it  closely  on  dissection.  Developmentally,  however,  this  general  pigment 
lining  is  quite  distinct  from  the  uveal  coat,  and  represents  the  outer  wall  of  the 
secondary  optic  vesicle  or  embryonic  retina:  it  consists  of  a  single  layer  of  pig- 
mented epithelial  cells.  The  amount  of  pigment  is  greatest  anteriorly,  over  the 
ciliary  region  and  iris,  and  there  is  again  a  small  local  increase  posteriorly,  corre- 
sponding to  the  macula  lutea  and  to  the  edge  of  the  optic  nerve-entrance.  In  the 
ciliary  region  these  cells  have  recently  been  described  as  lining  numerous  narrow 
tubular  depressions  in  the  inner  part  of  the  uveal  tract,  and  they  are  said  to  have  here 
a  special  function,  viz.,  that  of  secreting  the  intraocular  fluid. 

From  the  manner  in  which  the  secondary  optic  vesicle,  or  optic  cup,  is  formed, 
its  two  walls  are  necessarily  continuous  in  front,  at  what  may  be  termed  the  lip  of 
the  cup;  we  have  just  observed  that  the  outer  wall  lines  the  uveal  coat  everywhere 
and  corresponds  in  extent;  consequently,  the  lip  must  be  looked  for  at  the  edge  of 
the  pupil,  i.  e.,  at  the  termination  of  this  coat  anteriorly.  The  inner  wall  of  the  cup, 
consequently,  reaches  from  the  lip,  or  pupillary  edge,  in  front,  to  the  optic  stalk  or 
nerve  behind,  and  is  in  close  apposition  to  the  pigment-epithelium;  unlike  the  outer, 
however,  this  wall  is  represented  in  the  developed  eye  by  tissues  very  dissimilar  in 
structure  in  different  parts  of  its  extent.  Tracing  it  backwards  from  the  pupillary 
edge,  we  find  that  over  the  whole  posterior  surface  of  the  iris  it  exists  as  a  single 
layer  of  pigmented  epithelium,  the  developmental  changes  having  here  produced  a 
result  similar  to  what  we  have  found  throughout  in  the  outer  wall:  here,  accord- 
ingly, we  have  a  double  layer  of  pigment  cells.  At  the  root  of  the  iris  the  single 
inner  layer  of  cells  still  exists;  but  now  they  become  destitute  of  pigment,  and  this 
condition  obtains  over  the  entire  ciliary  region,  constituting  what  is  known  as  the 
pars  ciliaris  retinae.  At  the  line  of  the  ora  serrata  the  tissue  derived  from  the 
inner  wall  abruptly  increases  in  thickness,  and  rapidly  acquires  that  complexity  of 
structure  characteristic  of  the  retina  proper,  which  extends  from  here  to  the  optic 
nerve.  It  consists  of  several  layers — nerve-fibres,  nerve-cells,  and  nerve-epithelium — 
held  together  by  a  supporting  framework  of  delicate  connective  tissue.  The  nerve- 
epithelium  is  on  the  outer  surface,  immediately  applied  to  the  pigment-epithelium; 
at  the  posterior  pole  of  the  eye  a  small  spot  (fovea  centralis)  exists,  where  this  is 
the  only  retinal  layer  represented,  and  where  consequently  the  retina  is  extremely 
thin.  The  nerve-fibres  run  on  the  inner  surface  of  the  retina  and  are  continuous 
with  those  of  the  optic  nerve;  they  constitute  the  only  retinal  layer  that  is  con- 
tinued into  the  intraocular  end  of  the  nerve.  The  nerve-cells  are  found  between 
these  surface  layers.  The  larger  blood-vessels  of  the  retina  run  in  the  inner  layers, 
and  none  encroach  on  the  layer  of  nerve-epithelium. 

Within  the  coats  mentioned,  the  interior  of  the  eyeball  is  fully  occupied  by  con- 
tents, which  are  divided  into  three  parts,  and  differently  named  according  to  their 
consistence  and  anatomical  form.  They  are  all  transparent,  as  through  them  the 
light  has  to  pass  so  as  to  gain  the  retina.  Of  these,  the  only  one  that  is  sharply  and 
independently  outlined  is  the  lens,  which  is  situated  in  the  anterior  half  of  the  globe 
at  the  level  of  the  ciliary  processes,  where  it  is  suspended  between  the  other  con- 
tents, which  fill  respectively  the  space  in  front  of  it  and  the  space  behind  it.  The 
space  in  front  is  called  the  anterior  or  aqueous  chamber;  that  behind  the  lens  is 
the  vitreous  chamber. 

The  lens  is  a  biconvex  body,  with  its  surfaces  directed  anteriorly  and  posteriorly; 
these  surfaces  meet  at  its  rounded-off  edge  or  equator,  which  is  near  (but  does  not 
touch)  the  ciliary  processes  all  around.  The  posterior  is  considerably  more  convex 
than  the  anterior  surface;  the  central  part  of  each  surface  is  called  its  pole.  The 
lens  is  closely  encased  in  a  hyaline  elastic  capsule,  thicker  over  the  anterior  than 
over  the  posterior  surface.  Thus  enclosed,  it  is  held  in  position  in  the  globe  by  a 
suspensory  ligament,  attached  to  its  capsule  near  the  equator  all  around,  and  swung 
from  the  ciliary  region.  Posteriorly,  the  lens  rests  in  a  cup  formed  by  the  front  part 
of  the  vitreous,  while  its  anterior  capsule  is  in  contact  with  the  aqueous  fluid  and 
lies  close  against  the  back  of  the  pupillary  border  of  the  iris.    When  in  position 
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the  lens  measures  nine  millimetres  across,  and  about  four  millimetres  between  its 
poles.  On  each  surface  a  series  of  fine,  sinuous,  grey  lines  can  be  seen  radiating 
from  the  pole  towards  the  equator,  called  respectively  the  anterior  and  posterior 
stellate  figures.  The  lines  observable  on  the  posterior  are  always  so  placed  as  to 
be  intermediate  with  those  on  the  anterior  surface,  so  that  on  viewing  them  through 
the  lens  they  occupy  a  position  corresponding  to  the  intervals  between  the  lines  on 
the  anterior  surface.  The  lens-capsule  is  comparatively  brittle,  and  can  be  readily 
cut  through  when  scraped  with  a  sharp-pointed  instrument;  on  doing  so  the 
divided  edges  curl  outwards,  away  from  the  lenticular  substance.  When  removed 
from  its  capsule,  the  outer  portion  of  the  lens  is  found  to  be  soft  and  glutinous,  but 
its  substance  gets  progressively  firmer  as  we  approach  the  centre.  This  harder 
central  part  is  known  as  the  nucleus,  and  the  surrounding  softer  matter  as  cortex. 
The  cortical  part  shows  a  tendency  to  peel  off  in  successive  layers.    It  consists  of 


Fig.  728. — Semi-diagrammatic  Horizontal  Section  through  Eyeball  and  Optic 
Nerve.    (After  Elfinger.    Reduced  and  altered.) 


long  fibres,  the  ends  of  which  meet  in  front  and  behind  at  the  anterior  and  posterior 
stellate  figures. 

Histologically  the  capsule  is  not  in  immediate  contact  with  the  cortex  over  the  front  surface 
of  the  lens,  a  single  layer  of  cells  intervening,  called  the  subcapsular  epithelium. 

The  zonula  ciliaris  or  suspensory  ligament  of  the  lens  is  formed  by  a  thick- 
ening of  the  anterior  part  of  a  membrane  enclosing  the  vitreous,  strengthened  by 
numerous  fibres  derived  from  the  folds  of  the  ciliary  region.  Its  chief  attachments 
to  the  lens-capsule  are  a  little  in  front  of  and  behind  the  equator,  and  the  space 
included  between  the  most  anterior  and  most  posterior  divisions  of  the  ligament 
is  termed  the  zonular  space  (canal  of  Petit).  This  space  is  bridged  across  by  fine 
intermediate  suspensory  fibres,  and  is  occupied  by  fluid. 

The  vitreous  humour  is  a  transparent,  colourless,  jelly-like  mass,  enclosed  in  a 
delicate,  clear,  structureless  membrane,  called  the  hyaloid  membrane.  This  latter 
is  closely  applied  to  the  back  of  the  posterior  lens-capsule  and  of  the  suspensory 
ligament,  and  to  the  inner  surface  of  the  pars  ciliaris  retinae,  retina  proper,  and 
optic  papilla.  Although  possessing  some  degree  of  firmness,  the  vitreous  humour 
contains  quite  98  per  cent,  of  water,  and  has  no  definite  structure.  Membranes 
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have  been  described  in  it,  but  these  are  really  artificial  products.  In  certain  situa- 
tions spaces  exist  in  the  vitreous  mass,  the  most  determinate  of  which  runs  in  the 
form  of  a  canal  from  the  optic  papilla  to  the  posterior  pole  of  the  lens,  corresponding 
to  the  position  of  the  fcetal  hyaloid  artery  (hyaloid  canal,  or  canal  of  Cloquet). 
Other  very  fine  spaces  are  described  running  circularly  in  the  peripheral  part  of 
the  vitreous  concentric  with  its  outer  surface.  Microscopically,  wandering  cells 
are  found  in  the  vitreous,  which  often  here  assume  peculiar  forms  which  the 
observer  can,  not  infrequently,  study  subjectively. 

The  aqueous  humour  is  a  clear,  watery  fluid,  occupying  the  space  between 
the  cornea  on  the  one  hand,  and  the  ciliary  body,  suspensory  ligament,  and  lens  on 


Fig.  729. — Diagrammatic  Representation  of  the  Blood-vessels  of  the  Eyeball. 

(Leber.) 

Arteries  red;  veins  blue. 
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the  other.  The  iris,  projecting  into  this  space,  has  both  its  surfaces  bathed  in  the 
aqueous;  but,  as  its  inner  part  rests  on  the  lens,  it  is  regarded  as  dividing  the  space 
into  two  parts,  an  anterior  larger,  and  a  posterior  smaller,  aqueous  chamber, 
which  communicate  freely  through  the  pupil. 

Ciliary  nerves  of  the  eyeball. — The  long  and  short  ciliary  nerves,  after  per- 
forating the  sclerotic,  run  forwards  between  it  and  the  chorioid  to  the  ciliary  region, 
where  they  form  a  plexus,  from  which  proceed  branches  for  the  ciliary  muscle,  the 
iris,  and  the  cornea.  The  nerves  of  the  iris  enter  it  at  its  ciliary  border,  and  run 
towards  its  pupillary  edge,  losing  their  medullary  sheath  sooner  or  later,  and  sup- 
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plying  especially  the  sphincter  muscle.  The  corneal  nerves  form  an  annular  plexus 
near  the  limbus,  from  which  a  few  twigs  proceed  to  the  sclerotic  and  conjunctiva, 
while  most  of  the  offsets  enter  and  run  radially  in  the  corneal  stroma,  branching 
and  anastomosing  so  as  to  form  a  plexus.  The  nerves  entering  the  cornea  are 
about  sixty  in  number,  each  containing  from  two  to  twelve  non-medullated  nerve- 
fibres  (page  972). 

Blood-vessels  of  the  eyeball. — The  ocular  tissues  receive  blood  from  two  sets 
of  vessels,  viz.,  the  retinal  and  the  ciliary  arteries. 

1.  The  arteria  centralis  retinae  either  comes  direct  from  the  ophthalmic  artery, 
or  from  one  of  its  branches  near  the  apex  of  the  orbit.  Entering  the  optic  nerve 
twenty  millimetres  or  less  behind  the  globe,  it  runs  forwards  in  its  axis  to  the  end  of 
the  nerve-trunk,  and  then  divides  into  branches  which  run  in  the  inner  layers  of  the 
retina,  and  divide  dichotomously  as  they  radiate  towards  the  equator.  The  smaller 
branches  lie  more  deeply  in  the  retina,  but  none  penetrate  into  the  nerve-epithelium, 
so  that  the  fovea  centralis  is  non-vascular.  In  the  retina,  the  branches  of  the  cen- 
tral artery  do  not  communicate  with  any  other  arteries,  but  while  still  in  the  optic 
nerve  fine  communications  take  place  between  this  artery  and  neighbouring  vessels. 
Thus  (a)  minute  twigs  from  it,  which  help  to  nourish  the  axial  part  of  the  nerve, 
communicate  with  those  running  in  the  septa  derived  from  the  pial  sheath.  Again, 

Fig.  730. — Surface  of  Chorioid  and  Iris  exposed  by  removal  of  Sclerotic  and 
Cornea,  showing  Distribution  of  Blood-vessels  and  Nerves. 

(Twice  natural  size.    After  Zinn.) 
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as  the  nerve  passes  through  the  sclerotic,  it  is  surrounded  by  a  vascular  ring  (circle 
of  Haller),  formed  of  fine  branches  derived  from  the  short  posterior  ciliary  arteries; 
fine  twigs  passing  inwards  from  this  ring  to  the  optic  nerve  join  the  vessels  of  the 
pial  sheath,  and  (b)  an  indirect  communication  is  thus  brought  about  between  the 
retinal  and  ciliary  vessels.  Finally,  as  the  nerve  passes  through  the  chorioid,  there 
is  (c)  a  direct  connection  between  these  two  sets  of  vessels,  the  capillary  network  of 
the  optic  nerve  being  here  continuous  with  the  chorio-capillaris.  Not  infrequently, 
a  branch  from  a  short  posterior  ciliary  artery  pierces  the  optic  papilla,  and  then 
courses  over  the  adjoining  retina  (a  cilio-retinal  artery),  supplying  the  latter  in  part 
in  place  of  the  central  artery. 

The  vena  centralis  retinae  returns  the  blood  of  the  corresponding  artery. 

2.  The  ciliary  system  of  blood-vessels  (pages  536,  537,  and  662). — There  are 
three  sets  of  arteries  belonging  to  this  system,  all  derived  directly  or  indirectly 
from  the  ophthalmic  artery. 

(1)  Short  posterior  ciliary  arteries,  twelve  to  twenty  in  number,  pierce  the 
sclerotic  round  the  optic  nerve  entrance,  and  are  distributed  in  the  chorioid.  Before 
entering  the  eyeball,  small  twigs  are  given  off  to  the  adjoining  sclerotic  and  to  the 
dural  sheath  of  the  optic  nerve. 

(2)  Two  long  posterior  ciliary  arteries,  piercing  the  sclerotic  further  from  the 
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nerve  than  the  short  ciliaries,  run  horizontally  forwards  between  the  sclerotic  and 
chorioid,  one  on  each  side  of  the  globe.  On  arriving  at  the  ciliary  body,  they  join 
with  the  anterior  ciliary  arteries,  forming  the  circulus  arteriosus  major,  which 
sends  off  branches  to  the  ciliary  processes  and  the  iris.  The  long  ciliaries  also 
give  twigs  to  the  ciliary  muscle,  and  small  recurrent  branches  run  backwards  to 
anastomose  with  the  short  ciliary  arteries.  The  arteries  of  the  iris  run  radially  to- 
wards the  pupillary  border,  anastomosing  with  one  another  opposite  the  outer  border 
of  the  sphincter  so  as  to  form  the  circulus  arteriosus  minor. 

(3)  The  anterior  ciliary  arteries  come  from  the  arteries  of  the  four  recti  mus- 
cles, one  or  two  from  each;  they  run  forwards,  branching  as  they  go,  and  finally 
pierce  the  sclerotic  near  the  corneal  border.  Outside  the  globe  they  send  twigs 
to  the  adjoining  sclerotic,  to  the  conjunctiva,  and  to  the  border  of  the  cornea. 
After  passing  through  the  sclerotic  the  arteries  enter  the  ciliary  muscle,  where  they 
end  in  twigs  to  the  muscle  and  to  the  circulus  arteriosus  major,  and  in  recurrent 
branches  to  the  chorioid. 

Fig.  731. — The  Lymphatic  Spaces  op  the  Eyeball.    (Diagrammatic.    After  Fuchs.) 


Veins. — The  venous  blood  from  almost  the  whole  uveal  tract  (chorioid,  ciliary 
processes  and  iris,  and  part  of  the  ciliary  muscle)  ultimately  leaves  the  eyeball  by — 
(1)  the  venae  vorticosae,  which  have  been  already  noticed  in  describing  an  antero- 
posterior section  through  the  globe  (p.  1025).  One  large  vein  passes  backwards  from 
each  vortex,  piercing  the  sclerotic  obliquely;  it  is  joined  by  small  episcleral  veins 
when  outside  the  globe. 

(2)  The  anterior  ciliary  veins  commence  by  the  junction  of  a  few  small  veins 
of  the  ciliary  muscle;  they  pass  outwards  through  the  sclerotic  near  the  corneal 
border,  receiving  blood  from  the  veins  in  connection  with  Schlemm's  canal,  and 
afterwards  from  episcleral  and  conjunctival  veins,  and  from  the  marginal  corneal 
plexus.    Finally  they  join  the  veins  running  in  the  recti  muscles. 

Lymphatic  system  of  the  eyeball. — Apart  from  those  in  the  conjunctiva 
there  are  no  lymphatic  vessels  in  the  eyeball,  but  the  fluid  is  contained  in  spaces  of 
various  sizes.    These  are  usually  divided  into  an  anterior  and  a  posterior  set. 

1.  Anteriorly,  we  have  the  anterior  and  posterior  aqueous  chambers,  which 
communicate  freely  through  the  pupil.    The  aqueous  humour  is  formed  in  the 
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posterior  of  these  chambers  by  transudation  from  the  vessels  of  the  ciliary  body  and 
posterior  surface  of  the  iris  (see  also  page  1030).  The  stream  passes  mainly  forwards 
through  the  pupil  into  the  anterior  aqueous  chamber,  whence  it  escapes  slowly  by 
passing  through  the  spaces  of  Fontana  into  Schlemm's  canal,  and  thence  into  the 
anterior  ciliary  veins.  Part  of  the  lymph-stream  passes  from  the  posterior  aqueous 
chamber  backwards  into  the  zonular  space  (canal  of  Petit),  out  of  which  fluid  can 
pass  into  the  lens  substance,  or  diffuse  itself  into  the  front  of  the  vitreous. 

In  the  cornea  the  lymph  travels  in  the  spaces  already  mentioned  as  existing 
between  the  fibre-bundles,  and  in  the  nerve-channels  and  at  the  periphery  of  the 
cornea  it  flows  off  into  the  lymphatic  vessels  of  the  conjunctiva. 

In  the  iris  there  is  a  system  of  lymphatic  spaces  opening  anteriorly  on  its  free 
surface  by  the  crypts  previously  described,  and  communicating  peripherally  with 
the  spaces  of  Fontana. 

2.  Posteriorly,  we  have  (a)  the  central  or  hyaloid  canal,  between  the  poste- 
rior pole  of  the  lens  and  the  optic  nerve  entrance,  and  (b)  the  perivascular  canals 
of  the  retina;  the  lymph  from  both  of  these  situations  flows  into  the  spaces  of  the 
optic  nerve,  which  communicate  with  the  intervaginal  space  of  the  nerve,  and  thus 
with  the  great  intracranial  spaces.  Further,  between  chorioid  and  sclerotic  we 
have  (c)  the  perichorioidal  space,  which  gets  the  lymph  from  the  chorioid,  and  com- 
municates with  Tenon's  space  outside  the  sclerotic  by  the  perforations  corresponding 
to  the  vasa  vorticosa  and  posterior  ciliary  arteries,  and  with  the  intervaginal  space 
around  the  optic  nerve  entrance.  Tenon's  space,  again,  is  continuous  with  the 
supravaginal  space  around  the  optic  nerve,  which  communicates  both  with  the 
intervaginal  spaces,  with  the  lymph-spaces  of  the  orbit,  and  directly  with  the  intra- 
cranial spaces  at  the  apex  of  the  orbit. 

The  development  of  the  eye. — Three  different  embryonic  tissues  take  part  in  the  for- 
mation of  the  eye,  namely,  an  outgrowth  from  the  central  nervous  system,  an  invagination  of 
the  surface  ectoderm,  and  the  mesoderm  tissue  in  the  vicinity  of  these  two  structures.  From 
the  outgrowth  from  the  brain  the  retina  in  all  its  parts  and  the  optic  nerve  develope,  from  the 
surface  invagination  the  lens,  and  the  remaining  structures  are  formed  from  the  mesoderm. 
The  vitreous  may  also  possibly  have  a  partial  origin  from  the  primitive  retinal  tissues. 

The  central  outgrowth  takes  the  form  of  a  hollow  bulb  attached  to  the  brain  by  a  long  slen- 
der stalk.  When  by  its  growth  it  comes  into  contact  with  the  lens  invagination,  the  outer  half 
of  the  bulb  sinks  back  into  its  cavity  until  it  comes  into  contact  with  the  wall  of  the  posterior 
half,  and  the  bulb  is  thus  converted  into  a  cup.  But  the  cup  is  an  incomplete  one,  for  its  entire 
ventral  wall  and  a  portion  also  of  that  of  the  stalk  become  pushed  up  into  the  cavities  of  these 
structures,  so  that  along  their  ventral  surfaces  there  is  a  deep  fissure  known  as  the  chorioidal  fis- 
sure. In  normal  development  the  fissure  is  eventually  obliterated  by  the  union  of  its  lips,  but 
occasionally  it  persists  more  or  less  completely,  producing  the  condition  known  as  coloboma. 

In  the  fissure  an  artery  and  vein  develope  and  so  reach  the  cavity  of  the  optic  cup.  When 
the  fissure  closes  they  become  enclosed  and  form  the  arteria  and  vena  centralis  retina?.  In 
the  embryonic  condition  branches  from  these  vessels  extend  through  the  vitreous  and  form  a 
vascular  tissue  almost  completely  investing  the  lens,  which  occupies  the  mouth  of  the  cup. 
These  hyaloid  vessels  normally  disappear  later,  leaving  only  the  hyaloid  canal  as  a  reminder 
of  their  existence,  but  occasionally  traces  of  them  may  persist  over  the  anterior  surface  of  the 
lens,  forming  what  is  termed  a  persistent  pupillary  membrane,  or  in  the  vitreous  as  a  persistent 
hyaloid  artery. 

CAVITY  OF  THE  ORBIT 

General  Arrangement  of  its  Contents 

The  anterior  wider  half  of  the  cavity  is  mainly  occupied  by  the  eyeball,  which 
lies  almost  axially,  but  is  rather  nearer  to  the  upper  and  outer  than  it  is  to  the 
other  walls.  The  posterior  two-thirds  of  the  globe  are  in  relation  with  soft  parts, 
chiefly  muscles  and  fat,  and  its  posterior  pole  is  situated  midway  between  the  base 
(or  opening)  and  the  apex  of  the  orbital  cavity.  The  anterior  third  of  the  eye- 
ball is  naturally  free,  except  for  a  thin  covering  of  the  conjunctiva,  and  projects 
slightly  beyond  the  opening  of  the  orbit,  the  degree  of  prominence  varying  with 
the  amount  of  orbital  fat,  and  also  to  some  extent  with  the  length  of  the  globe.  A 
straight  line  joining  the  inner  and  outer  orbital  margins  usually  cuts  the  eye  behind 
the  cornea — externally  behind  the  ora  serrata,  nasally  further  forwards,  at  the 
junction  of  the  ciliary  body  and  iris.  The  globe  is  held  in  position  by  numerous 
bands  of  connective  tissue.  The  lachrymal  gland  lies  under  the  outer  part  of  the 
roof  of  the  orbit  anteriorly.    The  orbital  fat  occupies  the  spaces  between  the  orbital 
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muscles,  and  is  in  greatest  amount  immediately  behind  the  eyeball;  it  also  exists 
between  the  muscles  and  the  orbital  walls  in  the  anterior  half  of  the  cavity.  Six 
muscles,  viz.,  the  four  recti,  the  superior  oblique,  and  the  levator  palpebrse  supe- 
rioris,  arise  at  the  apex  of  the  orbit,  and  diverge  as  they  pass  forwards.  The  recti 
muscles— superior,  inferior,  external,  and  internal— run  each  near  the  correspond- 
ing orbital  wall,  but  the  superior  is  overlapped  in  part  by  the  levator  palpebral 
The  superior  oblique  lies  about  midway  between  the  superior  and  internal  recti. 
A  seventh  muscle,  the  inferior  oblique,  has  a  short  course  entirely  in  the  anterior 
part  of  the  orbit,  coming  from  its  inner  wall  and  passing  beneath  the  globe  between 
the  termination  of  the  inferior  rectus  and  the  orbital  floor.  The  optic  nerve  with 
its  sheaths  passes  from  the  optic  foramen  to  the  back  of  the  eyeball,  surrounded  by 
the  orbital  fat,  and  more  immediately  by  a  loose  connective  tissue.  Among  the 
contents  of  the  cavity  are  also  to  be  enumerated  many  vessels  and  nerves  and 
fibrous  tissue  septa,  while  its  walls  are  clothed  by  periosteum  (periorbita). 

The  muscles  of  the  orbit  are  seven  in  number,  of  which  six  are  ocular,  i.  e.,  are 
inserted  into  the  eyeball  and  rotate  it  in  different  directions.  These  ocular  muscles 
are  arranged  in  opponent  pairs,  viz.,  superior  and  inferior  recti,  superior  and 
inferior  obliques,  external  and  internal  recti.    With  the  exception  of  the  short 


inferior  oblique,  they  all  arise  from  the  back  of  the  orbit  along  with  the  seventh 
orbital  muscle,  the  levator  palpebrae  superioris.  All  these  long  muscles  take  their 
origin  from  the  periosteum  in  the  vicinity  of  the  optic  foramen.  The  four  recti 
muscles  arise  from  a  fibrous  ring,  the  annulus  tendineus  communis  (ligament 
of  Zinn),  which  arches  close  over  the  upper  and  inner  edge  of  the  foramen,  and 
extends  down  and  out  so  as  to  embrace  part  of  the  opening  of  the  superior  orbital 
(sphenoidal)  fissure.  Their  origins  may  be  said  at  first  to  form  a  short,  common, 
tendinous  tube,  from  which  the  individual  muscles  soon  separate,  taking  the  positions 
indicated  by  their  respective  names.  The  external  rectus  has  two  origins  from  bone, 
one  on  either  side  of  the  superior  orbital  fissure.  But  in  the  fresh  state  the  fissure 
is  here  bridged  across  by  fibrous  tissue,  from  which  this  rectus  also  springs,  so 
that  its  origin  is  in  reality  continuous.  The  part  of  this  fibrous  ring  nearest  the 
foramen  (corresponding  to  the  origins  of  the  superior  and  internal  recti)  is  closely 
connected  with  the  outer  sheath  of  the  optic  nerve.  The  remaining  two  long  mus- 
cles arise  just  outside  the  upper  and  inner  part  of  the  above-mentioned  ring,  and 
are  often  partially  united;  the  levator  palpebrse  tendon  is  in  close  relation  to  the 
origin  of  the  superior  rectus,  while  the  superior  oblique  arises  from  the  periosteum 
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of  the  body  of  the  sphenoid  bone  one  or  two  millimetres  in  front  of  the  origin  of 
the  internal  rectus. 

The  four  recti  muscles  lie  rather  close  to  the  corresponding  orbital  walls  for  the 
first  half  of  their  course,  the  superior  rectus,  however,  being  overlapped  in  part  by 
the  levator  palpebral ;  they  then  turn  towards  the  eyeball,  running  obliquely  through 
the  orbital  fat,  and  are  finally  inserted  by  broad,  thin  tendons  into  the  sclerotic 
in  front  of  the  equator.  From  their  respective  positions  in  the  orbit,  the  axis  of 
this  cone  of  muscles  is  oblique  to  the  antero-posterior  axis  of  the  eyeball.  The 
thickest  of  these  muscles  is  the  internal  rectus,  next  the  external,  then  the  inferior, 
and  the  superior  rectus  is  the  thinnest.  As  regards  length,  the  muscular  belly  of 
the  superior  rectus  has  the  longest  course,  and  the  others  diminish  in  the  order — 
internal,  external,  and  inferior  rectus.  The  external  rectus  is  supplied  by  the  sixth 
nerve.    The  other  three  recti  muscles  are  all  supplied  by  the  third  nerve. 

The  levator  palpebrae  superioris  courses  along  the  roof  of  the  orbit  close  to 
the  periosteum  for  the  greater  part  of  its  course,  partially  overlapping  the  superior 


Fig.  733. — Section  through  Contents  of  Right  Orbit  8-11  mm.  behind  the  Eyeball, 
viewed  from  Behind.    (After  Lange.) 
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rectus;  it  finally  descends  through  the  orbital  fat,  and  widens  out  to  be  inserted 
into  the  root  of  the  upper  lid.  It  may  be  briefly  described  as  being  inserted  in  two 
distinct  layers  separated  by  a  horizontal  interval.  The  upper  or  anterior  layer  of 
insertion  is  fibrous,  and  passes  in  front  of  the  tarsus,  where  it  comes  into  relation 
with  fibres  of  the  orbicularis.  The  lower  layer  consists  of  smooth  muscle  (Miiller's 
superior  tarsal  muscle),  and  is  inserted  along  the  upper  border  of  the  tarsus.  The 
levator  has  also  connections  with  the  sheath  of  the  superior  rectus.  These  dif- 
ferent insertions  of  the  muscle  will  be  referred  to  later  along  with  the  description 
of  the  orbital  fasciae  and  of  the  upper  eyelid.  It  gets  its  nervous  supply  from  the 
third  nerve,  but  the  smooth  muscle  developed  in  its  lower  layer  of  insertion  is  sup- 
plied by  the  sympathetic  nervous  system.  As  its  name  expresses,  its  action  is  to 
raise  the  upper  lid  and  to  support  it  while  the  eye  is  open. 

The  superior  oblique  runs  forwards  close  to  the  inner  part  of  the  orbital  roof 
until  it  reaches  the  fossa  trochlearis  near  the  internal  angular  process,  where  it 
becomes  tendinous  and  passes  through  a  fibro-cartilaginous  pulley  attached  to  the 


1036 


ORGANS  OF  SPECIAL  SENSE 


fossa  just  named.  On  passing  through  this  pulley,  or  trochlea,  the  tendon  bends 
at  an  angle  of  50°,  running  backwards  and  outwards  under  the  superior  rectus  to 
its  insertion  into  the  sclerotic.    It  is  supplied  by  the  fourth  nerve. 

The  inferior  oblique  arises  from  the  front  of  the  orbit,  about  the  junction  of  its 
inner  and  lower  walls,  just  external  to  the  lower  end  of  the  lachrymal  groove.  It 
runs,  in  a  sloping  direction,  outwards  and  backwards,  lying  at  first  between  the 
inferior  rectus  and  the  orbital  floor,  then  between  the  external  rectus  and  the  globe; 


Fig.  734. — Diagrammatic  Representation  of  Origins  of  Ocular  Muscles  at  the  Apex 

of  the  Right  Orbit. 
(After  Schwalbe,  slightly  altered.) 
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finally  it  ascends  slightly,  to  be  inserted  by  a  short  tendon  into  the  sclerotic  at  the 
back  of  the  eye.  Its  nervous  supply  is  derived  from  the  third  nerve.  The  precise 
manner  of  insertion  of  the  different  ocular  muscles  has  been  described  above  in  our 
Examination  of  the  Eyeball.  (For  Muscles  of  the  Eyelids  and  Eyebrows, 
see  pages  331  and  following.) 

Action  of  the  ocular  muscles. — While  rotating  the  globe  so  that  the  cornea  is 
turned  in  different  directions,  the  ocular  muscles  do  not  alter  the  position  of  the 
eyeball  in  the  orbit  either  laterally,  vertically,  or  antero-posteriorly.    In  speaking, 


therefore,  of  the  eye  being  moved  upwards  or  outwards,  etc.,  it  is  the  altered  position 
of  the  cornea  or  front  of  the  eye  that  we  mean  to  express;  it  is  manifest  that,  if  the 
cornea  moves  up,  the  back  of  the  eyeball  must  simultaneously  be  depressed,  and 
similarly  with  other  movements.  All  the  movements  of  the  globe  take  place  by  rota- 
tion, on  axes  passing  through  the  centre.  Though  the  possible  axes  are  numerous 
in  combined  muscular  action,  there  are  three  principal  axes  of  rotation  of  the  eye- 
ball, and  in  reference  to  these  the  action  of  individual  muscles  must  be  described. 
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Two  of  these  axes  are  horizontal  and  one  vertical;  they  all  pass  through  the  centre 
of  rotation  at  right  angles  to  one  another.  By  rotation  of  the  eye  on  its  vertical 
axis  the  cornea  is  moved  outwards  (towards  the  temple)  and  inwards  (towards  the 
nose):  movements  called  respectively  abduction  and  adduction.  In  upward  and 
downward  movements  of  the  cornea  the  eye  rotates  on  its  horizontal  equatorial 
axis.  The  other  principal  axis  of  rotation  is  the  sagittal,  which  we  have  previously 
described  as  corresponding  to  the  line  joining  the  anterior  and  posterior  poles  of  the 
globe  (page  1023).  In  rotation  of  the  eye  on  its  sagittal  axis,  therefore,  the  cornea 
may  be  said  to  move  as  a  wheel  on  its  axle,  for  its  centre  now  corresponds  to  one 
end  of  the  axis;  in  other  words,  this  is  a  rotation  of  the  cornea.  Such  movements 
may,  consequently,  be  expressed  with  reference  to  their  effect  on  an  imaginary 
spoke  of  the  corneal  wheel — e.  g.,  one  running  vertically  upwards  from  the  corneal 
centre.  Thus  we  may  say  '  rotation  of  the  cornea  outwards '  when  this  part  of  the 
wheel  moves  towards  the  outer  canthus,  or  '  inwards '  when  towards  the  nose. 

The  only  two  muscles  that  rotate  the  eyeball  merely  on  one  axis  are  the  ex- 
ternal rectus  and  the  internal  rectus;  the  former  abducting,  and  the  latter  ad- 
ducting,  the  cornea.  The  action  of  the  superior  and  inferior  recti  is  complicated  by 
the  obliquity  of  the  axes  of  muscles  and  globe  previously  mentioned. 

Fig.  736. — View  of  Left  Orbit  from  above,  showing  the  Ocular  Muscles. 
(From  Hirschfeld  and  Leveille.) 
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The  chief  action  of  the  superior  rectus  is  to  draw  the  cornea  upwards,  but  at 
the  same  time  it  adducts  and  rotates  the  cornea  inwards. 

The  inferior  rectus  mainly  draws  the  cornea  downwards,  also  adducting  it  and 
rotating  it  outwards. 

The  chief  action  of  the  superior  oblique  is  to  rotate  the  cornea  inwards,  also 
drawing  it  downwards  and  slightly  abducting  it. 

The  inferior  oblique  mainly  rotates  the  cornea  outwards,  also  drawing  it  up- 
wards and  slightly  abducting  it. 

The  fasciae  of  the  orbit. — The  orbital  contents  are  bound  together  and  sup- 
ported by  fibrous  tissues,  which  are  connected  with  each  other,  but  which  may 
conveniently  be  regarded  as  belonging  to  three  systems.  These  are: — (1)  Those 
lining  the  bony  walls;  (2)  those  ensheathing  the  muscles;  and  (3)  the  tissue  which 
partially  encapsules  the  eyeball. 

1.  The  orbital  periosteum,  or  periorbita,  is  closely  applied  to  the  bones  form- 
ing the  walls  of  the  cavity,  but  may  be  stripped  off  with  comparative  ease.  It 
presents  openings  for  the  passage  of  vessels  and  nerves  entering  and  leaving  the 
orbit.  Posteriorly  this  tissue  is  very  firm,  being  joined  by  processes  of  the  dura 
mater  at  the  optic  canal  and  superior  orbital  fissure;  at  the  optic  foramen  it  is  also 
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connected  with  the  dural  sheath  of  the  optic  nerve.  As  it  covers  the  inferior  or- 
bital (spheno-maxillary)  fissure  its  fibres  are  interwoven  with  smooth  muscle,  forming 
the  orbital  muscle  of  Miiller.  From  its  inner  surface  processes  run  into  the  orbital 
cavity,  separating  the  fat  lobules.  One  important  process  comes  from  the  periorbita 
about  midway  along  the  roof  of  the  orbit,  runs  forwards  to  the  back  of  the  upper 
division  of  the  lachrymal  gland,  and  there  splits,  helping  to  form  the  gland-capsule: 
this  capsule  is  joined  at  its  inner  border  by  other  periorbital  bands  coming  off  near 
the  upper  orbital  rim,  and  forming  the  suspensory  ligament  of  the  gland.  On  the 
inner  side  of  the  orbit  the  periorbita  sends  fibrous  processes  to  the  trochlea  of  the 
superior  oblique,  which  keep  it  in  position.  On  arriving  at  the  lachrymal  groove 
the  periorbita  divides  into  two  layers,  a  thin  posterior  one  continuing  to  line  the 
bone  forming  the  floor  of  the  groove,  whilst  the  thicker  anterior  layer  bridges  over 
the  groove  and  the  sac  which  lies  in  it,  forming  the  limbs  of  the  inner  palpebral 
ligament  (page  1046). 


Fig.  737. — Vertical  Section  through  the  Eyeball  and  Orbit  in  the  direction  of 
the  Orbital  Axis,  with  Closed  Eyelids. 

(Semi-diagrammatic.    After  Schwalbe,  modified  to  show  fascia?.) 

Periorbita  green;  muscle-fascia  red;  Tenon's  capsule  yellow. 
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Quite  anteriorly,  at  the  rim  of  the  orbit,  the  periorbita  sends  off  a  membranous 
process  which  aids  in  forming  the  fibrous  tissue  of  the  eyelids  (orbito-tarsal  liga- 
ment, or  palpebral  fascia),  and  is  itself  continuous  with  the  periosteum  of  the 
bones  outside  the  orbital  margin. 

2.  The  orbital  muscles  are  connected  by  a  common  fascia,  which  splits  at  their 
borders  and  furnishes  a  sheath  to  each.  Processes  of  this  fascia  give  membranous 
investments  for  the  vessels  and  nerves  (including  the  optic  nerve) ,  splitting  similarly 
to  enclose  them ;  these  membranous  processes  also  assist  in  separating  the  fat  lob- 
ules. Posteriorly,  this  fascia  is  thin  and  loose,  and  blends  with  the  periorbita  at 
the  origin  of  the  muscles.  Anteriorly,  it  becomes  thicker  and  firmer,  accompanies 
the  muscles  to  near  the  equator  of  the  eyeball,  and  there  divides  into  two  laminae, 
an  anterior  and  a  posterior;  the  former  continues  a  forward  course,  forming  a 
complete  funnel-shaped  investment  all  around,  passing  ultimately  to  the  eyelids  and 
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orbital  margin — whilst  the  latter  turns  backwards,  covering  the  hinder  third  of  the 
globe. 

The  anterior  lamina  is  a  well-marked  membrane  everywhere,  but  in  certain 
situations  it  presents  special  bands  of  thickening,  corresponding  to  the  direct  con- 
tinuation forwards  of  the  sheath  of  each  rectus  muscle.  Above  and  below,  this 
lamina  spreads  out  in  the  form  of  two  large  membranes,  which  are  finally  applied 
to  the  deep  surface  of  the  palpebral  fascia;  the  lower  membrane  constitutes  what 
has  been  described  as  'the  suspensory  ligament  of  the  eyeball.'  The  upper  mem- 
brane requires  a  fuller  description,  as  its  distribution  is  modified  by  the  presence  of 
the  levator  palpebrae  muscle. 

The  upper  part  of  the  sheath  of  the  superior  rectus  (along  with  the  adjoining 
membrane  on  each  side  of  it)  passes  to  the  deep  surface  of  the  levator,  to  which  it 
closely  adheres,  and  completely  ensheaths  this  tendon  by  extending  round  its 
borders  to  its  upper  surface.    The  lower  part  of  this  levator  sheath  is  applied  to  the 


Fig.  738. — Horizontal  Section  Through  Left  Orbit,  viewed  from  above. 
(After  von  Gerlach.    To  show  check  ligaments,  etc.) 


inferior  surface  of  the  deeper  of  the  two  divisions  of  the  levator  muscle,  superior 
tarsal  muscle  of  Midler),  and  is  attached  to  the  upper  border  of  the  tarsus  of  the 
upper  lid,  reaching  laterally  to  the  outer  and  inner  angles  of  the  orbit.  The  upper 
part  of  the  sheath  of  the  superior  tarsal  muscle  reaches  to  the  middle  of  the  pal- 
pebral fascia,  and  is  mainly  continued  forwards  between  the  muscle  and  the  fascia 
to  the  anterior  surface  of  the  tarsus. 

The  lower  membrane  (suspensory  ligament  of  the  eyeball),  joined  by  the  sheath 
of  the  inferior  rectus,  reaches  forwards  to  the  attached  (hinder)  border  of  the  tarsus 
of  the  lower  lid,  where  it  is  mainly  attached,  while  a  part  of  it  extends  to  the  lower 
palpebral  fascia. 

To  understand  the  special  bands  of  the  anterior  lamina  mentioned  above,  we 
must  follow  the  sheath  of  each  rectus  muscle  forwards,  when  we  find  that,  while  it  is 
rather  loosely  applied  to  the  muscular  belly  in  its  posterior  two-thirds,  it  then  sud- 
denly becomes  thicker,  and  is  firmly  attached  to  the  muscle  for  some  distance  before 
finally  leaving  it,  and  is  thereafter  often  accompanied  by  some  muscle-fibres.  The 
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best  developed  of  these  bands,  the  external  check  ligament,  passes  forwards  and  out- 
wards to  the  outer  angle  of  the  orbit,  helping  to  support  the  lachrymal  gland  on  its 
way,  and  is  inserted  near  the  orbital  edge  immediately  behind  the  external  pal- 
pebral ligament.  The  inner  band,  or  internal  check  ligament,  is  larger  than  the 
outer,  but  not  so  thick ;  it  passes  forwards  and  inwards  to  be  inserted  into  the  upper 
part  of  the  lachrymal  crest  and  just  behind  it.  These  two  bands,  external  and 
internal,  come  from  the  sheaths  of  the  corresponding  recti  muscles.  From  the 
sheath  of  the  superior  rectus  come  two  thin  bands,  one  from  each  border.  The 
inner  joins  the  sheath  of  the  tendon  of  the  superior  oblique;  the  outer  goes  to  the 
external  angle  of  the  orbit,  assisting  in  the  support  of  part  of  the  lachrymal  gland. 
The  sheath  of  the  inferior  rectus  is  thickened  in  front,  and,  on  leaving  the  muscle, 
goes  to  the  middle  of  the  inferior  oblique,  splitting  to  enclose  it;  it  then  passes  to 
be  inserted  into  the  lower  inner  angle  of  the  orbit  close  behind  its  margin,  about 
midway  between  the  internal  check  ligament  and  the  orbital  attachment  of  the 
inferior  oblique. 

3.  In  addition  to  its  partial  investment  by  the  muscle-fascia,  the  eyeball  has  a 
special  membrane  enclosing  its  hinder  two-thirds,  the  fascia  bulbi  or  Tenon's 
capsule.  This  is  a  thin,  transparent  tissue,  situated  immediately  beneath  the 
posterior  lamina  of  the  muscle-fascia.  It  follows  the  curve  of  the  sclerotic  from 
the  insertion  of  the  recti  to  about  3  mm.  from  the  optic  nerve  entrance,  when  it 
leaves  the  eyeball  and  blends  with  the  posterior  lamina  of  the  muscle-fascia;  the 
combined  membrane  may  be  traced  backwards,  enveloping  the  optic  nerve-sheath 
loosely,  approaching  it  as  it  nears  the  optic  foramen,  but  never  actually  joining  it. 
The  interval  between  it  and  the  nerve-sheath  is  called  the  supravaginal  lymph-space. 
Tenon's  capsule  first  comes  into  relation  with  the  muscles  at  the  point  where  they 
are  left  by  their  proper  sheaths;  it  there  invests  their  tendons,  forms  a  small  serous 
bursa  on  the  anterior  surface  of  each,  and  adheres  to  the  sclerotic  in  the  form  of  a 
line  running  around  the  globe,  just  anterior  to  the  insertions  of  the  four  recti  muscles. 
Between  this  line  and  the  corneal  border,  the  conjunctiva  is  separated  from  the 
sclerotic  by  the  subconjunctival  tissue,  strengthened  by  a  fine  expansion  of  the 
muscle-fascia. 

The  inner  surface  of  the  capsule  is  smooth,  and  is  only  connected  with  the  sclerotic 
by  a  loose,  wide-meshed  areolar  tissue.  This  interval  between  the  sclerotic  and 
capsule,  known  as  the  interfascial  or  Tenon's  space,  is  a  lymph  cavity,  and  per- 
mits free  movements  of  the  eyeball  within  the  capsule. 

Relation  of  Tenon's  Capsule  to  the  Oblique  Muscles. — The  capsule  surrounds  the 
posterior  third  of  the  inferior  oblique  and  its  tendon,  running  along  its  ocular  sur- 
face till  it  meets  the  fascial  band  coming  from  the  inferior  rectus  (see  above),  and 
forming  a  serous  bursa  on  the  superficial  surface  of  the  oblique  near  its  insertion. 
The  tendon  of  the  superior  oblique  for  about  its  last  five  millimetres  is  invested 
solely  by  Tenon's  capsule;  in  front  of  this,  as  far  as  the  trochlea,  the  tendon  lies 
in  a  membranous  tube  derived  from  the  muscle  fascia,  the  inner  lining  of  which 
is  smooth,  and  may  be  considered  as  a  prolongation  of  Tenon's  capsule. 

The  Optic  Nerve 

The  part  of  this  nerve  with  which  we  have  here  to  do  lies  within  the  orbit,  ex- 
tending from  the  optic  foramen  to  the  eyeball.  Its  course  is  somewhat  S-shaped; 
thus,  on  entering  the  orbit,  it  describes  a  curve,  with  its  convexity  down  and  out, 
and  then  a  second  slighter  curve,  convex  inwards.  Finally,  it  runs  straight  for- 
wards to  the  globe,  which  it  enters  to  the  inner  side  of  its  posterior  pole. 

In  its  passage  through  the  optic  canal  the  nerve  is  surrounded  by  a  prolongation 
of  the  meninges.  The  dura  mater  splits  at  the  optic  foramen,  part  of  it  joining 
the  periorbita,  while  the  remainder  continues  to  surround  the  nerve  loosely  as  its 
outer  or  dural  sheath.  The  nerve  is  closely  enveloped  by  a  vascular  covering 
derived  from  the  pia  mater,  named  accordingly  the  pial  sheath.  The  space  between 
these  two  sheaths,  known  as  the  intervaginal  space,  is  subdivided  by  a  fine  pro- 
longation of  the  arachnoid  (the  arachnoidal  sheath)  into  two  parts,  viz.,  an  outer, 
narrow,  subdural,  and  an  inner,  wider,  subarachnoid  space,  communicating  with 
the  corresponding  intracranial  spaces.  The  arachnoidal  sheath  is  connected  with 
the  sheath  on  each  side  of  it  by  numerous  fine  processes  which  bridge  across  the 
intervening  spaces.    The  pial  sheath  sends  processes  inwards,  which  form  a  frame- 
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work  separating  the  bundles  of  nerve-fibres;  between  the  enclosed  nerve-fibres 
and  each  mesh  of  this  framework  there  is  a  narrow  interval  occupied  by  lymph. 
The  nerve-fibres  are  medullated,  but  have  no  primitive  sheath.  About  fifteen  or 
twenty  millimetres  behind  the  globe  the  central  vessels  enter,  piercing  obliquely 
the  lower  outer  quadrant  of  the  nerve,  and  then  run  forwards  in  its  axis.    They  are 


accompanied  throughout  by  a  special  process  of  the  pial  sheath,  which  forms  a 
fibrous  cord  in  the  centre  of  the  nerve. 

On  reaching  the  eyeball,  the  dural  sheath  is  joined  by  the  arachnoid,  and  turns 
away  from  the  nerve  to  be  continued  into  the  outer  two-thirds  of  the  sclerotic. 
Similarly  the  pial  sheath  also  here  leaves  the  nerve,  its  greater  part  running  into 
the  inner  third  of  the  sclerotic,  while  a  few  of  its  fibres  join  the  chorioid;  the  inter- 

Fig.  740. — Longitudinal  Section  through  Termination  of  Optic  Nerve. 
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vaginal  space  consequently  ends  abruptly  in  the  sclerotic  around  the  nerve-entrance. 
In  this  locality  the  connective-tissue  framework  of  the  nerve  becomes  thicker  and 
closer  in  its  meshwork,  and  has  been  already  alluded  to  as  the  lamina  cribrosa.  It 
is  formed  by  processes  passing  out  from  the  central  fibrous  cord  at  its  termination 
and  by  processes  passing  inwards  from  the  pial  sheath,  sclerotic,  and  chorioid.  It  does 
not  pass  straight  across  the  nerve,  but  follows  the  curve  of  the  surrounding  sclerotic, 
66 
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being  therefore  slightly  convex  backwards.  The  nerve-trunk  here  quickly  becomes 
reduced  to  one-half  its  former  diameter,  the  fibres  losing  their  medullary  sheath 
and  being  continued  henceforward  as  mere  axis-cylinders.  Apart  from  the  conse- 
quent loss  of  bulk,  this  histological  change  may  be  readily  recognised  macroscopi- 
cally  in  a  longitudinal  section  of  the  nerve,  its  aspect  here  changing  from  opaque 
white  to  semi-translucent  grey.  The  part  of  the  nerve  within  the  lamina  cribrosa 
has  already  been  seen  in  our  ophthalmoscopic  examination  of  the  living  eye. 

The  optic  nerve  is  mainly  nourished  by  fine  vessels  derived  from  those  of  the 
pial  sheath,  which  run  into  the  substance  of  the  nerve  in  the  processes  above  men- 
tioned. In  front  of  the  entrance  of  the  central  retinal  artery  this  vessel  aids  to 
some  extent  in  the  blood-supply  of  the  axial  part  of  the  nerve. 


The  Blood-vessels  and  Nerves  of  the  Orbit 

As  these  structures  will  be  more  particularly  described  in  other  sections  of  this 
work,  a  very  short  general  account  will  suffice  here. 

Arteries.— The  main  blood-supply  is  afforded  by  the  ophthalmic  artery,  a 
branch  of  the  internal  carotid,  which  gains  the  orbit  through  the  optic  canal,  where 
it  lies  beneath  and  to  the  temporal  side  of  the  nerve.  On  entering  the  orbit  it 
ascends,  and  passes  obliquely  over  the  optic  nerve  to  the  inner  wall  of  the  orbit; 
in  this  early  part  of  its  course  it  gives  off  most  of  its  branches,  which  vary  much 
in  their  manner  of  origin  and  also  in  their  course.    The  arteries  of  the  orbit  are 

Fig.  741. — The  Blood-vessels  of  the  Left  Orbit,  viewed  from  above. 
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remarkable  for  their  tortuous  course,  for .  their  delicate  walls,  and  for  their  loose 
attachment  to  the  surrounding  tissues.  The  ophthalmic  artery  gives  off  special 
branches  in  the  orbit  to  the  lachrymal  gland,  the  muscles,  the  retina  (through  the 
optic  nerve),  and  the  eyeball,  as  well  as  to  the  meninges,  the  ethmoidal  cells,  and  the 
nasal  mucous  membrane.  Twigs  from  all  the  different  branches  go  to  supply  the 
fat,  fasciae,  and  ordinary  nerves  of  the  orbit.  Branches  which  leave  the  orbit  ante- 
riorly ramify  on  the  forehead  and  nose,  and  also  go  to  the  supply  of  the  eyelids 
and  the  tear-passages.  The  ophthalmic  artery  has  many  anastomoses  with  branches 
of  the  external  carotid.  The  contents  of  the  orbit  are  also  supplied  in  part  by  the 
infraorbital  artery,  a  branch  of  the  internal  maxillary;  in  particular  this  artery 


NERVES  OF  THE  ORBIT 


1043 


supplies  part  of  the  inferior  rectus  and  inferior  oblique  muscles  in  the  cavity,  and 
also  gives  a  branch  to  the  lower  eyelid. 

Veins.: — Branches,  corresponding  generally  to  those  of  the  artery,  unite  to  form 
the  superior  and  inferior  ophthalmic  veins,  which  ultimately,  either  separately 
or  united  into  one  trunk,  pass  through  the  superior  orbital  fissure  and  empty  into  the 
cavernous  sinus.  The  inferior  vein  is  connected  with  the  pterygoid  plexus  by  a 
branch  which  leaves  the  orbit  by  the  inferior  orbital  fissure. 

Nerves  of  the  orbit. — These  are  motor,  sensory,  and  sympathetic,  and  all 
enter  the  orbit  by  the  superior  orbital  fissure,  with  the  exception  of  one  small  sensory 
branch  passing  through  the  inferior  orbital  fissure.  (The  optic  nerve  has  been 
already  described,  and  is  not  included  in  this  account.) 

A.  The  motor  nerves  are  the  third,  fourth,  and  sixth  cranial. 

1.  The  third  nerve  enters  the  orbit  in  two  parts,  an  upper  smaller,  and  a  lower 
larger,  division.  The  upper  division  gives  off  two  branches:  one  supplies  the  supe- 
rior rectus,  entering  its  lower  surface  far  back;  the  other  branch  goes  to  the  levator 
palpebrae,  entering  its  lower  surface  in  its  posterior  third.  The  lower  division 
divides  into  three  branches,  of  which  one  supplies  the  inferior  rectus,  entering  its 
upper  surface  far  back,  and  another  supplies  the  internal  rectus,  entering  its  inner 
surface  a  little  behind  its  middle.  The  third  branch  of  the  lower  division  gives  (1) 
the  short  root  to  the  ciliary  ganglion,  and  (2)  one  or  more  twigs  to  the  inferior  rectus, 


Fig.  742. — Section  through  Contents  of  Right  Orbit,  1-2  mm.  in  front  of  the  Optic 
Foramen,  viewed  from  behind.    (After  Lange.) 


and  the  remainder  of  this  branch  then  enters  the  lower  surface  of  the  inferior  oblique 
muscle  about  its  middle. 

2.  The  fourth  nerve  supplies  the  superior  oblique  muscle,  entering  its  upper 
surface  about  midway  in  its  course. 

3.  The  sixth  nerve  supplies  the  external  rectus,  entering  its  inner  surface  about 
the  junction  of  the  posterior  and  middle  thirds  of  the  muscle. 

As  regards  the  manner  of  termination  of  these  motor  nerves,  it  is  found  that 
in  all  the  ocular  muscles  the  nerve  on  its  entrance  breaks  up  into  numerous  bundles 
of  fibres,  which  form  first  coarse  and  then  fine  plexuses,  the  latter  ultimately  send- 
ing off  fine  twigs  supplying  the  muscle  throughout  with  nerve-endings.  The  poste- 
rior third  of  these  muscles  is,  however,  comparatively  ill  supplied  with  both  kinds 
of  plexuses  and  with  nerve-endings. 

B.  The  sensory  nerves  are  supplied  by  the  first  and  second  divisions  of  the 
fifth  cranial  nerve.  The  first  division,  or  ophthalmic  nerve,  is  entirely  orbital; 
while  the  second,  or  maxillary,  only  sends  a  small  branch  to  the  orbit. 

1.  The  ophthalmic  division  of  the  fifth  nerve  enters  the  orbit  in  three  divi- 
sions, namely: — 

(1)  Frontal,  splitting  subsequently  into  supratrochlear  and  supraorbital,  both 
passing  out  of  the  orbit.  It  is  distributed  to  the  corresponding  upper  eyelid,  and 
the  skin  over  the  root  of  the  nose,  the  forehead,  and  the  hairy  scalp  as  far  back  as 
the  coronal  suture  on  the  same  side.  It  also  gives  branches  to  the  periosteum  in 
this  region,  and  to  the  frontal  sinus. 
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(2)  Lachrymal,  supplying  the  lachrymal  gland,  anastomosing  with  a  branch 
of  the  maxillary  in  the  orbit,  and  finally  piercing  the  upper  eyelid.  Outside  the 
orbit  it  is  distributed  to  the  outer  part  of  the  upper  lid,  the  conjunctiva  at  the  ex- 
ternal canthus,  and  the  skin  between  this  and  the  temporal  region. 

(3)  Naso-ciliary,  giving  off — (a)  a  branch  to  the  ciliary  ganglion,  constituting  its 
long  root;  (6)  two  or  three  long  ciliary  nerves;  and  (c)  the  infratrochlear,  passing  out 
of  the  orbit.  The  nerve  then  leaves  the  orbit  as  the  anterior  ethmoidal  nerve, 
re-entering  the  cranial  cavity  before  being  finally  distributed  to  the  nose.  The 
infratrochlear  branch  supplies  the  eyelids  and  skin  of  the  side  of  the  nose  near  the 
inner  canthus,  the  lachrymal  sac,  caruncle,  and  plica  semilunaris.  The  anterior 
ethmoidal  nerve,  after  its  course  in  the  cranial  cavity,  passes  through  an  aperture 
in  the  front  of  the  cribriform  plate  of  the  ethmoid  bone,  and  is  ultimately  distributed 
to  the  nasal  mucous  membrane,  and  to  the  skin  of  the  side  and  ridge  of  the  nose  near 
its  tip. 

2.  The  maxillary  division  of  the  fifth  nerve  gives  a  branch,  called  the  zygo- 
matic nerve,  which  passes  into  the  orbit  through  the  inferior  orbital  fissure,  anas- 
tomoses with  the  lachrymal,  and  leaves  the  orbit  in  two  divisions.  These  are  dis- 
tributed to  the  skin  of  the  temple  and  of  the  prominent  part  of  the  cheek. 

A  few  minute  twigs  from  the  spheno-palatine  ganglion,  and  sometimes  from  the 
maxillary  division  of  the  fifth  nerve,  also  pass  through  the  inferior  orbital  fissure  to 
supply  the  periorbita  in  this  neighbourhood. 

C.  The  sympathetic  nerves  of  the  orbit  are  mainly  derived  from  the  plexus  on 
the  internal  carotid.  With  the  exception  of  branches  accompanying  the  ophthalmic 
artery,  and  of  the  distinct  sympathetic  root  of  the  ciliary  ganglion,  they  enter  the 
orbit  in  the  substance  of  the  other  nerve-cords.  The  connections  between  the  ocular 
nerves  and  the  carotid  plexus  are  recognisable  as  fibres  going  to  the  third,  sixth,  and 
ophthalmic  nerves;  as  a  rule,  the  comparatively  large  twigs  going  to  the  sixth  join 
it  furthest  back,  and  those  to  the  third  furthest  forwards.  Sympathetic  connections 
with  the  fourth  nerve  are  very  doubtful.  The  special  courses  of  the  motor  fibres  to 
the  dilator  pupillse  have  already  been  described. 

The  ciliary  ganglion  is  situated  between  the  optic  nerve  and  external  rectus 
far  back  in  the  orbit.  Its  three  roots — motor,  sensory,  and  sympathetic — have  been 
already  mentioned.  Anteriorly,  it  gives  off  three  to  six  small  trunks,  which  sub- 
divide to  form  the  short  ciliary  nerves,  about  twenty  in  number,  piercing  the 
sclerotic  around  the  optic  nerve  entrance. 

The  lymphatic  system  of  the  orbit. — Although  there  are  no  lymphatic  ves- 
sels or  glands  in  the  orbit,  the  passage  of  lymph  is  nevertheless  well  provided  for. 
We  have  already  observed  the  lymph  channels  within,  between,  and  outside  the 
sheaths  of  the  optic  nerve,  and  have  seen  how  these  communicate  anteriorly  with 
the  lymph  channels  of  the  eyeball,  and  posteriorly  with  the  intracranial  meningeal 
spaces.  In  addition,  there  are  lymph-spaces  around  the  blood-vessels,  situated 
between  the  outer  coat  and  the  loose  investment  furnished  by  the  muscle  fascia. 
The  nerves  of  the  orbit  (apart  from  the  optic)  are  probably  similarly  surrounded 
by  lymph-spaces.  In  the  absence  of  lymphatic  vessels  it  is  difficult  to  trace  the 
circulation  thoroughly;  much  of  the  lymph  from  the  orbital  cavity  is  said  to  pass 
into  the  parotid  nodes. 

The  Eyelids 

The  cutaneous  and  conjunctival  surfaces  of  the  lids  have  already  been  examined, 
and  the  position  of  the  tarsus  has  been  indicated.  We  have  now  to  ascertain  the 
nature  and  relations  of  the  tarsus,  and  describe  the  other  tissues  entering  into  the 
formation  of  the  eyelids. 

The  skin  here  is  thin,  bearing  fine  hairs,  and  having  small  sebaceous  and  numerous 
small  sweat-glands.  Immediately  beneath  it  is  a  loose  subcutaneous  tissue,  des- 
titute of  fat,  separating  the  skin  from  the  palpebral  part  of  the  orbicularis  muscle. 
The  lid-fibres  of  this  muscle  arise  from  the  inner  palpebral  ligament,  and  course 
over  the  whole  upper  and  lower  eyelids  in  a  succession  of  arches,  so  as  to  meet 
again  beyond  the  outer  canthus;  there  they  in  part  join  one  another,  in  part  are 
inserted  into  the  outer  palpebral  raphe.  The  muscular  fibres  are  arranged  in  loose 
bundles,  with  spaces  between  them  occupied  by  connective  tissue;  in  the 
upper  lid  these  connective-tissue  fibres  may  be  traced  upwards  and  backwards  into 
the  fibrous  expansion  of  the  tendon  of  the  levator  palpebral  superioris.    One  strong 
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bundle  of  orbicularis  fibres,  called  the  musculus  ciliaris  Riolani,  is  found  near 
the  edge  of  the  lid,  in  front  of  and  behind  the  efferent  ducts  of  the  tarsal  glands. 

A  central  connective  tissue  separates  the  orbicularis  muscle  from  the  tarsus 
in  the  tarsal  division  of  the  lids.  In  the  upper  lid  this  is  to  be  regarded  as  mainly 
the  anterior  or  fibrous  expansion  of  the  tendon  of  the  levator  palpebral,  which 
sends  connective-tissue  septa  between  the  bundles  of  the  overlying  orbicularis  (as 
just  mentioned)  going  to  the  skin.  In  the  orbital  part  of  this  lid  the  central  con- 
nective tissue  includes  also  the  palpebral  fascia,  lying  here  immediately  beneath  the 
orbicularis  muscle;  but  this  soon  thins  off  and  fades  into  the  more  deeply  placed 
levator  expansion.  This  latter  is  strengthened  by  an  extension  of  the  sheath  of 
the  superior  rectus,  by  which  this  muscle  is  enabled  to  influence  the  elevation  of 
the  lid  indirectly.    In  the  lower  lid  the  central  connective  tissue  similarly  consists 


of  palpebral  fascia,  blended  with  a  thin  fibrous  extension  of  the  sheath  of  the  inferior 
rectus.  Immediately  in  front  of  each  tarsus  is  a  little  loose  connective  tissue,  which 
contains  the  large  blood-vessels  and  nerves  of  the  lids. 

The  tarsus  of  each  lid  is  a  stiff  plate  of  close  connective  tissue,  with  its  sur- 
faces directed  anteriorly  and  posteriorly;  in  its  substance  the  tarsal  glands  are 
embedded.  One  tarsal  border  is  free,  viz.,  towards  the  edge  of  the  lid,  the  other 
is  attached;  the  former  is  straight,  while  the  latter  is  convex,  especially  in  the 
upper  lid.  The  length  of  each  tarsus  is  about  twenty  millimetres.  Its  breadth 
is  greatest  in  the  middle  of  the  lid,  and  becomes  gradually  smaller  towards  each 
canthus,  where  the  tarsi  are  joined  to  the  outer  and  inner  palpebral  ligaments.  The 
breadth  of  the  upper  tarsus  (10  mm.)  is  about  twice  that  of  the  lower.  The  thick- 
ness of  each  is  greatest,  and  its  texture  closest,  at  the  middle  of  its  length,  thin- 
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ning  off  towards  the  canthi  and  towards  both  borders.  Into  the  superior  anterior 
border  of  the  upper  tarsus  the  lower  layer  of  the  levator  expansion  is  attached,  con- 
sisting of  smooth  muscle-fibres  constituting  the  superior  tarsal  muscle  of  Miiller. 
In  like  manner,  at  the  inferior  border  of  the  lower  tarsus,  bundles  of  smooth  muscle- 
fibre  are  inserted  (the  inferior  tarsal  muscle  of  Miiller),  developed  in  what  has 
been  regarded  as  part  of  the  extension  of  the  sheath  of  the  inferior  rectus. 

The  palpebral  conjunctiva  is  firmly  adherent  to  the  back  of  the  tarsus;  but  in 
the  orbital  part  of  the  lid  loose  subconjunctival  tissue  intervenes  between  it  and 
Miiller's  tarsal  muscle.  Adenoid  tissue  occurs  in  the  substance  of  the  conjunctiva, 
especially  in  its  orbital  division.  Near  the  upper  fornix,  the  conjunctiva  receives 
expansions  of  the  tendon  of  the  levator  palpebrae  and  of  the  sheath  of  the  supe- 
rior rectus,  and,  at  the  lower  fornix,  of  the  sheath  of  the  inferior  rectus.  The  sur- 
face of  the  tarsal  conjunctiva  shows  small  elevations  or  papillae  everywhere;  but 
these  are  particularly  well  marked  over  the  attached  border  of  the  tarsus. 

Glands  of  the  eyelids. — From  its  manner  of  formation  the  eyelid  may  be  re- 
garded as  consisting  of  two  thicknesses  of  skin,  the  inner  (or  posterior)  having  been 
doubled  back  upon  the  outer  at  the  edge  of  the  lid ;  thus  the  cuticle  and  corium  of  the 
skin  proper  are  represented  respectively  by  the  conjunctiva  and  tarsus  of  the  inner 
thickness.  At  the  free  border  of  the  lid,  accordingly,  we  find  glands  corresponding  to 
the  sebaceous  and  sweat-glands  of  the  skin,  viz.,  large  sebaceous  glands  of  the  cilia 
(Zeiss's  glands)  and  the  ciliary  glands  of  Moll,  which  are  modified  sweat-glands. 
Again,  in  the  inner  skin-thickness  of  the  lid,  the  tarsal  (Meibomian)  glands  are 
sebaceous.  Acino-tubular  mucous  glands  occur  at  the  attached  border  of  the 
tarsus  (Krause's  or  Waldeyer's  glands),  and  similar  glands  also  occur  at  the  fornix, 
and  are  especially  abundant  near  the  outer  canthus  of  the  upper  lid,  close  to  the 
efferent  ducts  of  the  lachrymal  gland;  from  their  structure  and  the  character  of 
their  secretion,  these  acinous  or  acino-tubular  glands  have  been  termed  by  Henle 
'accessory  lachrymal  glands.'  Other  simple  tubular  glands  (Henle),  formed 
merely  by  the  depressions  between  the  papillae,  are  best  developed  in  the  inner  and 
outer  fourths  of  the  tarsal  conjunctiva  of  both  lids. 

Blood-vessels. — The  arteries  run  in  the  central  connective  tissue  of  the  lids, 
mainly  in  the  form  of  arches  near  the  borders  of  the  tarsus,  from  which  twigs  go 
to  the  different  palpebral  tissues.  They  are  supplied  by  the  lachrymal  and  palpe- 
bral branches  of  the  ophthalmic,  and  by  small  branches  derived  from  the  temporal 
artery.  The  veins  are  more  numerous  and  larger  than  the  arteries,  and  form  a 
close  plexus  beneath  each  fornix.  They  empty  themselves  into  the  veins  of  the 
face  at  the  inner,  and  into  the  orbital  veins  at  the  outer,  canthus. 

The  lymphatic  vessels  of  the  lids  are  numerous,  and  are  principally  situated 
in  the  conjunctiva.  Lymph-spaces  also  surround  the  follicles  of  the  tarsal  glands. 
The  palpebral  lymphatic  vessels  mainly  pass  through  the  parotid  nodes;  but,  some- 
times at  least,  those  from  the  inner  half  of  the  lower  lid  go  to  the  submaxillary 
lymphatic  nodes. 

Nerves. — (a)  Sensory.  The  upper  lid  is  chiefly  supplied  by  branches  of  the 
supraorbital  and  supratrochlear  nerves,  the  lower  lid  by  one  or  two  branches  of 
the  infraorbital.  At  the  inner  canthus  the  infratrochlear  nerve  also  aids  in  the 
supply,  and,  at  the  outer  canthus,  the  lachrymal.  (6)  Motor.  The  palpebral  part 
of  the  orbicularis  is  supplied  by  branches  of  the  facial  nerve,  which  mainly  enter 
it  near  the  outer  canthus.  Miiller's  tarsal  muscles  are  supplied  by  the  sympathetic 
nervous  system. 

The  inner  palpebral  ligament,  or  tendo  oculi,  has  been  referred  to  previously. 
Arising  from  the  frontal  process  of  the  maxilla,  it  extends  outwards  over  the  front 
wall  of  the  lachrymal  sac,  bends  round  the  outer  wall  of  the  sac,  and  then  passes 
backwards  to  the  posterior  crest  on  the  lachrymal  bone.  It  is  thus  U-shaped, 
having  its  limbs  anterior  and  posterior,  embracing  the  lachrymal  sac;  the  anterior 
limb  lies  immediately  beneath  the  skin,  and  is  visible  in  the  living.  The  palpebral 
fibres  of  the  orbicularis  are  inserted  into  the  outer  surface  of  both  limbs,  those 
attached  to  the  posterior  limb  constituting  Horner's  muscle.  The  outer  palpe- 
bral raphe  is  merely  a  stronger  development  of  connective  tissue  in  the  orbicu- 
laris.   Both  ligaments  are  connected  with  the  tarsi  as  already  mentioned. 
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The  Lachrymal  Apparatus 

The  tears  are  secreted  by  an  acinous  gland,  and  flow  through  fine  ducts  to  the 
upper  outer  part  of  the  conjunctival  sac,  whence  they  are  drained  off  through  the 
puncta,  pass  along  the  canaliculi  into  the  lachrymal  sac,  and  ultimately  run  down 
the  nasal  duct  to  gain  the  inferior  meatus  of  the  nose. 

The  lachrymal  gland  is  situated  near  the  front  of  the  outer  part  of  the  roof  of 
the  orbit,  lying  in  a  depression  in  the  orbital  plate  of  the  frontal  bone.  It  consists 
of  two  very  unequal  parts,  one  placed  above  and  the  other  beneath  the  tendinous 
expansion  of  the  levator  palpebral  superioris,  but  small  gaps  in  the  expansion  per- 
mit of  connections  between  these  two  parts  of  the  gland.  The  upper  and  larger 
subdivision  (superior  lachrymal  gland)  is  a  firm  elongated  body,  about  the  size  of 
a  small  almond;  it  has  a  greyish-red  colour,  and  is  made  up  of  closely  aggregated 
lobules.  The  upper  surface  (next  the  orbital  roof)  is  convex,  and  its  lower  surface 
is  slightly  concave.  Anteriorly,  the  gland  almost  reaches  the  upper  orbital  mar- 
gin, and  it  extends  backwards  for  approximately  one-fourth  the  depth  of  the 
orbit,  measuring  about  twelve  millimetres  in  this  direction.  The  outer  border  of 
the  gland  descends  to  near  the  insertion  of  the  fascial  expansion  of  the  external 
rectus,  while  its  inner  border  almost  reaches  the  outer  edge  of  the  superior  rectus; 
its  transverse  measurement  is  about  twenty  millimetres.  It  is  enveloped  in  a 
capsule,  which  is  slung  by  strong  fibrous  bands  passing  to  its  inner  border  from 
the  orbital  margin  (suspensory  ligament  of  the  gland). 


Fig.  744. — Lachrymal  Apparatus.    (After  Schwalbe.) 


FUNDUS 
JUNCTION 


LOWER  PUNCTUM 
NASO-LACHRYMAL  DUCT 


The  lower  subdivision  of  the  gland  (inferior  lachrymal  gland)  is  composed  of 
loosely  applied  lobules,  and  lies  immediately  over  the  outer  third  of  the  upper 
conjunctival  fornix,  reaching  outwards  as  far  as  the  external  canthus. 

Each  subdivision  of  the  gland  possesses  several  excretory  ducts,  which  all  open 
on  the  outer  part  of  the  upper  fornix  conjunctivae,  about  four  millimetres  above  the 
upper,  border  of  the  tarsus.  Those  of  the  superior  gland,  three  or  four  in  number, 
pass  between  the  lobules  of  the  lower  gland;  the  outermost  duct  is  the  largest,  and 
opens  at  the  level  of  the  external  canthus.  The  ducts  of  the  inferior  gland  in  part 
discharge  themselves  into  those  of  the  upper,  but  there  are  also  several  fine  ducts 
from  this  subdivision  that  run  an  independent  course. 

Near  the  inner  canthus  are  the  two  puncta  lachrymalia,  upper  and  lower,  each 
situated  at  the  summit  of  its  papilla.  The  top  of  each  papilla  curves  backwards 
towards  the  conjunctival  sac,  so  that  the  puncta  are  well  adapted  for  their  function 
of  draining  off  any  fluid  collecting  there. 

The  ductus  (canaliculi)  lachrymales  extend  from  the  puncta  to  the  lachrymal 
sac.  The  lumen  at  the  punctum  is  horizontally  oval,  from  its  lips  being  slightly 
compressed  antero-posteriorly ;  the  lumen  of  the  lower  punctum  is  somewhat  larger 
than  that  of  the  upper.  As  the  lower  papilla  is  a  little  further  from  the  inner 
canthus  than  the  upper,  the  corresponding  canaliculus  is  longer. 

On  tracing  either  ductus  from  its  origin,  we  find  that  at  first  it  runs  nearly 
vertically  for  a  short  distance,  then  bends  sharply  towards  the  nose,  and  finally 
courses  more  or  less  horizontally,  converging  slightly  towards  its  fellow,  and  not 
infrequently  joining  it  before  opening  into  the  sac.    The  calibre  varies  considerably 
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in  ,this  course,  being  narrowest  a  short  distance  from  the  punctum,  and  widest  at 
the  bend,  from  which  point  it  again  narrows  very  gradually  as  it  nears  the  sac. 
The  wall  of  the  ductus  consists  mainly  of  elastic  and  white  fibrous  tissue,  lined 
internally  by  epithelium,  and  covered  externally  by  striated  muscle  (part  of  the 
orbicularis).  The  muscle-fibres  run  parallel  to  the  ductus  in  the  horizontal  part 
of  its  course;  but  they  are  placed,  some  in  front  and  some  behind,  around  the 
vertical  part,  acting  here  as  a  kind  of  sphincter.  Just  before  their  termination,  the 
ducts  pierce  the  periosteal  thickening  that  constitutes  the  posterior  limb  of  the  inner 
palpebral  ligament. 

The  lachrymal  sac  lies  in  a  depression  in  the  bone  at  the  inner  angle  of  the 
orbit  (the  lachrymal  fossa).  It  is  vertically  elongated,  and  narrows  at  its  upper 
and  lower  ends;  the  upper  extremity  or  fundus  is  closed,  while  the  lower  is  contin- 
uous directly  with  the  nasal  duct.  Laterally,  the  sac  is  somewhat  compressed,  so 
that  its  antero-posterior  is  greater  than  its  transverse  diameter.  The  ducts, 
either  separately  or  by  a  short  common  tube,  open  into  a  bulging  on  the  outer  sur- 
face of  the  sac  near  the  fundus.  As  has  previously  been  mentioned,  the  sac  is 
surrounded  by  periosteum,  but  between  this  and  the  mucous  membrane  forming 
the  true  sac-wall  there  is  a  loose  connective  tissue,  so  that  the  cavity  is  capable 
of  considerable  distension.  The  relations  of  the  inner  palpebral  ligament  have 
already  been  described;  it  is  to  be  noted  that  the  fundus  of  the  sac  extends  above 
this  ligament. 

The  naso-lachrymal  duct  reaches  from  the  lower  end  of  the  sac  to  the  top  of 
the  inferior  meatus  of  the  nose,  opening  into  the  latter  just  beneath  the  adherent 
border  of  the  inferior  nasal  concha.  Traced  from  above,  its  main  direction  is  down- 
wards, but  it  has  also  a  slight  inclination  backwards  and  outwards.  It  lies  in  a 
bony  canal,  whose  periosteum  forms  its  outer  covering.  Between  this  and  the 
mucous  membrane  of  the  duct  there  is  a  little  intermediate  tissue,  in  which  run 
veins  of  considerable  size  connected  with  the  plexus  of  the  inferior  concha.  The 
duct  does  not  usually  open  directly  into  the  nasal  cavity  at  the  lower  end  of  the 
bony  canal, but  pierces  the  nasal  mucous  membrane  very  obliquely,  so  that  a  flap  of 
mucous  membrane  covers  the  lower  border  of  the  opening  in  the  bone,  upon  which 
flap  the  tears  first  trickle  after  escaping  from  the  duct  proper. 

The  sac  and  naso-lachrymal  duct  together  constitute  the  lachrymal  canal, 
lined  throughout  by  a  continuous  mucous  membrane.  This  membrane  presents 
folds  in  some  situations,  especially  near  the  opening  of  the  canaliculi,  at  the  junc- 
tion of  the  sac  and  duct,  and  at  the  lower  end  of  the  duct.  That  at  the  top  of  the 
duct  is  the  most  important,  as  it  sometimes  interferes  with  the  proper  flow  of  tears 
out  of  the  sac.  The  total  length  of  the  lachrymal  canal  is  roughly  twenty-four 
millimetres,  half  of  this  being  sac,  and  half  naso-lachrymal  duct.  If,  however, 
we  reckon  as  duct  the  oblique  passage  through  the  nasal  mucous  membrane,  this 
measurement  may  occasionally  be  increased  by  eight  or  ten  millimetres.  The 
lachrymal  sac,  when  distended,  measures  about  six  millimetres  from  before  back- 
wards, by  four  millimetres  transversely.  The  naso-lachrymal  duct  is  practically 
circular,  and  has  a  diameter  of  about  three  millimetres,  rather  less  at  its  junction 
with  the  sac,  where  we  find  the  narrowest  part  of  the  whole  lachrymal  canal. 


♦ 
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The  auditory  organ,  or  ear,  is  divided  into  three  parts — external,  middle,  and 
internal. 

THE  EXTERNAL  EAR 

The  external  ear  consists  of  the  auricle  attached  to  the  side  of  the  head,  and 
the  external  acoustic  (auditory)  meatus  leading  from  it  to  the  middle  ear  (fig.  747) . 

THE  AURICLE 

The  auricle,  or  pinna,  presents  a  lateral  and  a  medial  surface.  The  lateral  sur- 
face is  irregularly  concave  (fig.  745),  the  deepest  part  of  the  concavity,  the  concha, 
being  partially  divided  by  an  oblique  ridge,  the  crus  of  the  helix,  into  a  superior 


Fig.  745. — Lateral  Surface  of  the  Left  Auricle. 


part,  the  cymba  conchae,  and  a  larger  inferior  part,  the  cavum'conchaa.  This  lat- 
ter is  directly  continuous  with  the  acoustic  meatus,  and  is  bounded  ventrally  by  a 
prominent  process,  the  tragus,  which  projects  dorsally  and  overhangs  the  entrance 
to  the  meatus.  The  tragus,  which  has  a  small  tubercle  on  it  superiorly,  the  supra- 
tragic  tubercle,  is  separated  from  the  crus  of  the  helix  by  a  well-marked  depression, 
the  anterior  incisure.  Bounding  the  cavum  concha?  dorsally  and  inferiorly  is  a 
projection,  the  antitragus,  which  is  situated  opposite,  but  inferior,  to  the  tragus,  and 
between  the  two  is  a  deep  notch,  the  intertragic  incisure.  Bounding  the  concha 
dorsally  and  superiorly  is  a  prominent  semicircular  ridge,  the  anthelix,  ending  in- 
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feriorly  in  the  antitragus,  from  which  it  is  separated  by  a  slight  depression,  the  pos- 
terior auricular  sulcus.  The  anthelix  divides  superiorly  into  two  ridges,  the 
crura  of  the  anthelix,  and  between  these  is  a  shallow  depression,  the  triangular 
fossa.  The  superior  and  dorsal  margin  of  the  auricle  is  rolled  in  towards  the  concha, 
thus  producing  a  prominent  inturned  rim,  the  helix,  continuous  anteriorly  with  the 
crus  of  the  helix,  and  inferiorly  with  the  lobule,  and  also  an  elongated  depression, 
the  scapha  (scaphoid  fossa),  which  separates  the  helix  and  the  anthelix.  Superiorly 
and  dorsally  the  free  margin  of  the  helix  frequently  presents  a  slight  projection,  the 
auricular  tubercle  (tubercle  of  Darwin).  Upon  the  medial  surface  of  the  auricle 
the  depressions  of  the  lateral  surface  are  represented  by  the  eminence  of  the 
concha,  the  eminence  of  the  scapha,  and  the  eminence  of  the  triangular  fossa; 
and  the  elevations  by  the  fossa  of  the  anthelix,  transverse  sulcus  of  the  anthelix, 
and  the  sulcus  of  the  crus  of  the  helix.  The  attachment  of  approximately  one- 
third  of  the  medial  surface  covers  up  the  two  latter  depressions.  The  cephalo- 
auricular  angle,  which  is  formed  between  the  dorsal  free  part  and  the  side  of  the 
head,  averages  20  to  30  degrees. 

Structure  of  the  Auricle 

The  characteristic  features  of  the  auricle  just  described  are  mainly  produced  by 
a  folded  yellow  elastic  cartilage,  the  auricular  cartilage,  which,  in  addition  to  the 
elevations  and  depressions  already  noted,  presents  the  following  additional  features. 

Fig.  746. — Lateral  and  Medial  Surface  of  the  Cartilage  of  the  Right  Pinna  and  its 

Muscles,  etc. 

Helicis  major  Obliquus  TransversuB 


RAGO-HELICINE 
FISSURE 


LAMINA  TRAGI  HELIX      CARTILAGE  OF  MEATUS 

Projecting  anteriorly  from  the  helix  near  the  crus  is  a  small  tubercle,  spine  of  the  he- 
lix (fig.  746) ;  a  part  of  the  helix,  cauda  helicis,  is  separated  inferiorly  from  the  anti- 
tragus by  the  deep  antitrago-helicine  fissure;  and  another  deep  fissure,  the  ter- 
minal incisure,  separates  the  cartilage  of  the  auricle  from  that  of  the  meatus,  leaving 
only  a  narrow  strip,  the  isthmus,  connecting  the  two.  The  cartilage  of  the  tragus, 
the  lamina  tragi,  is  separated  from  that  of  the  auricle  and  is  attached  to  the  lateral 
edge  of  the  cartilage  of  the  meatus. 

The  skin  of  the  auricle  closely  follows  the  irregularities  of  the  cartilage.  It  is 
tightly  bound  to  the  perichondrium  of  the  lateral  surface  by  the  subcutaneous  areolar 
tissue,  but  much  more  loosely  attached  to  the  medial  surface,  and  in  the  subcutaneous 
tissue  there  is  little  fat  except  in  the  lobule,  which  is  made  up  almost  entirely  of  fat 
and  tough  fibrous  tissue.  Hairs  are  abundant  but  rudimentary,  except  in  the  region 
of  the  tragus  and  antitragus,  where  they  may  be  large  and  long,  particularly  in  males 
and  in  the  aged.  Sebaceous  glands  are  found  on  both  surfaces,  and  are  especially 
well  developed  in  the  concha  and  triangular  fossa,  but  sudoriferous  glands  are  few 
and  scattered. 


THE  EXTERNAL  ACOUSTIC  MEATUS 
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Ligaments  and  muscles. — The  auricle  is  attached  to  the  side  of  the  head  by  the 
skin,  by  the  continuity  of  its  cartilage  with  that  of  the  acoustic  meatus,  and  by  certain 
extrinsic  ligaments  and  muscles.  Three  ligaments  may  be  distinguished  in  the  con- 
nective tissue: — The  anterior  ligament,  stretching  from  the  zygoma  to  the  helix 
and  tragus;  the  superior  ligament,  from  the  superior  margin  of  the  bony  external 
acoustic  meatus  to  the  spine  of  the  helix;  and  the  posterior  ligament,  from  the  mas- 
toid process  to  the  eminence  of  the  concha.  There  are  also  three  extrinsic  muscles, 
the  anterior,  superior,  and  posterior  auricular  (see  p.  333,  fig.  306).  Six  intrinsic 
muscles  are  distinguished.  These  are  poorly  marked  in  man  and  vary  much  in  de- 
velopment. Upon  the  lateral  surface  (fig.  746)  the  helicis  major  stretches  from  the 
spine  of  the  helix  to  the  ventral  superior  margin  of  the  helix;  the  helicis  minor  over- 
lies the  crus  helicis;  the  tragicus  runs  vertically  upon  the  tragus;  and  the  anti- 
tragicus  stretches  from  the  antitragus  to  the  cauda  helicis.  Upon  the  medial  sur- 
face (fig.  746)  the  transversus  auriculae  stretches  between  the  eminences  of 
concha  and  scapha,andthe  obliquus  between  the  eminences  of  the  concha  and  the 
triangular  fossa. 

Vessels  and  Nerves 

The  arteries  are  the  auricular  branch  of  the  posterior  auricular  and  the  anterior  auricular 
branches  of  the  superficial  temporal  (pp.  526  and  527).  The  veins  are  the  anterior  auricular  vein 
of  the  posterior  facial  (temporal)  and  the  auricular  branches  of  the  posterior  auricular  (pp.  648 
and  649).  The  latter  sometimes  join  the  transverse  (lateral)  sinus  through  the  mastoid  emissary 
vein.  The  lymphatics  empty  into  the  anterior  and  posterior  auricular  lymph-nodes  (p.  707). 
The  sensory  nerves  of  the  auricle  are  the  branches  of  the  great  auricular,  small  occipital  (p.  913, 
fig.  708),  and  auriculotemporal  (p.  971,  fig.  708).  The  muscles  are  supplied  by  the  posterior  auric- 
ular branch  of  the  facial  (p.  977,  fig.  705). 

Variations 

There  are  many  variations  in  the  size,  shape,  and  conformation  of  the  auricle  and  in  the 
cephalo-auricular  angle.  These  are  associated  not  only  with  differences  in  sex,  age,  and  race, 
but  are  also  found  in  individuals  of  the  same  family. 

THE  EXTERNAL  ACOUSTIC  MEATUS 

The  external  acoustic  (auditory)  meatus  extends  medially  and  somewhat  ven- 
trally  from  the  concha  to  the  tympanic  membrane  (fig.  747).  It  is  about  twenty- 
five  mm.  (1  in.)  long,  and,  owing  to  the  obliquity  of  the  tympanic  membrane,  its 
ventral  and  inferior  wall  is  slightly  longer  than  the  dorsal  and  superior.  It  consists  of 
a  lateral  cartilaginous  and  a  medial  osseous  portion.  The  canal  describes  an 
S-shaped  curve  in  both  horizontal  and  vertical  directions,  and  is  convex  ventrally  and 
interiorly  towards  its  auricular  end,  and  concave  ventrally  and  interiorly  towards  its 
tympanic  end.  The  irregularly  elliptical  lumen  has  its  long  axis  vertical  at  the  auric- 
ular, but  nearly  horizontal  at  its  tympanic  end,  and  it  is  constricted  at  about  its 
centre,  and  also  near  the  tympanum. 

Relations. — The  anterior  wall  is  in  relation  with  the  condyle  of  the  mandible 
medially,  and  with  the  parotid  gland  laterally;  the  inferior  wall  is  closely  bound  to 
the  parotid  gland ;  and  the  -posterior  wall  of  the  bony  part  is  separated  by  only  a 
thin  plate  of  bone  from  the  mastoid  cells.  The  superior  wall  is  separated  at  its 
medial  end  by  a  thin  plate  of  bone  from  the  epitympanic  recess,  and  laterally  a  thicker 
layer  of  bone  separates  it  from  the  cranial  cavity. 

Structure  of  the  meatus. — The  walls  of  the  meatus  are  formed  laterally  of 
fibro-cartilage  and  medially  of  bone.  The  cartilage  is  folded  upon  itself  to  form  a 
groove,  the  deficient  and  dorsal  part  of  which  is  completed  by  dense  connective  tissue, 
the  groove  being  thus  converted  into  a  canal.  Medially,  the  cartilage  forms  about 
one-third  of  the  circumference;  laterally,  two-thirds.  Two  fissures  or  incisures 
(incisures  of  Santorini)  usually  occur  in  its  anterior  wall  (fig.  746).  Laterally  the 
cartilage  is  directly  continuous  with  the  cartilage  of  the  auricle  and  medially  it  is 
firmly  connected  with  the  lateral  lip  of  the  osseous  portion.  The  osseous  portion 
forms  slightly  more  than  half  the  canal,  and  is  formed  by  the  tympanic  portion  of  the 
temporal  bone;  it  is  described  in  connection  with  that  bone  (p.  63). 

The  skin  of  the  meatus  forms  a  continuous  covering  for  the  canal  and  tympanic 
membrane.  It  is  thick  in  the  cartilaginous,  but  very  thin  in  the  bony,  part  of  the 
meatus,  especially  near  the  tympanic  end,  where  it  is  tightly  bound  to  the  periosteum. 
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In  the  cartilaginous  meatus  it  is  supplied  with  numerous  fine  hairs  and  sebaceous 
glands,  neither  of  which  are  found  in  the  bony  meatus,  and  tubular  ceruminous 
glands,  which  secrete  the  cerumen  (ear  wax),  form  a  nearly  continuous  layer  through- 
out the  cartilaginous,  but  occur  on  only  a  small  part  of  the  dorsal  and  superior  wall 


ot  the  bony,  meatus.  The  openings  of  their  ducts  appear  as  dark  points  to  the  naked 
eye  (fig.  747). 

The  arteries  are  branches  from  the  posterior  auricular,  superficial  temporal,  and  deep  auric- 
ular (pp.  526  and  529).  The  veins  and  lymphatics  connect  with  those  of  the  auricle  and  empty- 
similarly.  The  nerves  are  branches  from  the  auriculotemporal  and  the  auricular  ramus  of  the 
vagus. 


THE  MIDDLE  EAR 

The  middle  ear  is  completely  separated  from  the  external  ear  by  the  tympanic 
membrane,  which  is  stretched  obliquely  across  the  medial  end  of  the  external  acoustic 
meatus. 

The  tympanic  membrane  is  elliptical,  its  long  axis  measuring  9  to  10  mm.,  its 
short  axis,  8  to  9  mm.  It  slopes  medially  from  the  superior  and  dorsal  to  the  inferior 
and  ventral  wall  of  the  meatus,  forming,  as  a  rule,  with  the  superior  wall,  an  angle 
of  140  degrees  (von  Troltsch).  It  varies,  however,  greatly  in  form,  size,  and 
obliquity.  The  semitransparent  membrane,  which  sometimes  has  a  reddish 
tinge,  is  drawn  medially  and  made  funnel-shape  by  the  manubrium  of  the 
malleus,  but  the  walls  of  the  funnel  bulge  towards  the  meatus  (fig.  750) .  The  most 
depressed  point,  the  umbo,  is  slightly  inferior  and  dorsal  to  the  centre  of  the  membrane, 
and  corresponds  to  the  tip  of  the  manubrium  (fig.  748),  and  from  it  a  whitish  streak, 
the  malleolar  stria,  caused  by  the  manubrium  shining  through,  passes  superiorly 
towards  the  circumference.  At  the  superior  end  of  the  stria  a  slight  projection, 
the  malleolar  prominence,  is  formed  by  the  lateral  process  of  the  malleus,  and  from 
it  two  folds,  the  anterior  and  posterior  plicae,  stretch  to  the  extremities  of  the  tym- 
panic sulcus  (fig.  748).    The  small  triangular  area  of  the  membrane  bounded  by  the 
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plicae,  the  pars  flaccida,  or  Shrapnell's  membrane,  is  thin  and  flaccid,  and  is  attached 
directly  to  the  petrous  bone  in  the  tympanic  notch  (notch  of  Rivinus).  The  larger 
part  of  the  tympanic  membrane,  the  pars  tensa,  is  inferior  to  the  plicae  and  is  tightly 
stretched.  Its  thickened  margin,  the  limbus,  is  attached  by  a  fibro-cartilaginous 
annulus  to  the  tympanic  sulcus,  and  at  the  spines  of  the  tympanic  ring  is  continuous 
with  the  plicae. 

Structure  of  the  tympanic  membrane. — The  tympanic  membrane  is  about  1  mm. 
thick,  and  consists  of  four  layers.  The  lateral  cutaneous  layer  is  very  thick, 
and  is  a  continuation  of  the  cutaneous  layer  of  the  external  acoustic  meatus.  Next 
to  it  is  a  radiate  fibrous  layer,  composed  of  connective  tissue,  the  fibres  of  which 
are  attached  to  the  manubrium  of  the  malleus  and  radiate  from  it.  The  circular 
fibrous  layer,  which  has  its  fibres  arranged  concentrically  and  is  especially  thick  at  the 
circumference,  is  closely  bound  to  the  radiate  layer,  and,  finally,  the  mucous  layer, 
which  is  a  continuation  of  the  mucosa  of  the  tympanic  cavity,  covers  the  medial 
surface  of  the  membrane  smoothly,  except  where  the  manubrium  of  the  malleus 
causes  a  projection.  The  fibrous  layers  are  attached  to  the  fibro-cartilaginous  ring 
and  are  lacking  in  the  pars  flaccida. 

The  tympanic  cavity  is  an  air-space  lined  with  mucous  membrane  and  situated 
between  the  external  and  internal  ears  (fig.  747).  It  measures  about  15  mm.  in 
both  ventro-dorsal  and  vertical  directions,  and  its  width  varies  from  2  mm.  to  4  mm. 
or  more,  being  narrowest  at  the  centre  and  wider  superiorly  than  inferiorly.    It  pre- 

Fig.  748. — Lateral  Surface  of  the  Left  Membrana  Tympani.    (Enlarged  from  life.) 
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sents  for  examination  six  walls,  each  of  which  is  named  from  the  principal  structure 
which  is  in  relation  with  it  and  also  from  its  position.  These  walls  have  been  par- 
tially described  in  connection  with  the  temporal  bone  (pp.  66,  67),  so  that  it  will  be 
necessary  here  merely  to  name  the  various  parts. 

The  tegmental  (superior)  wall  is  roofed  by  the  thin  tegmen  tympani  (fig.  751). 
At  its  lateral  edge,  in  the  infant,  is  the  petrosquamous  suture,  and  in  this  situation 
an  occasional  slight  deficiency  of  the  roof  may  persist.  The  jugular  wall  or  floor 
separates  the  cavity  from  the  jugular  fossa,  and  presents  a  prominence  corre- 
sponding to  the  base  of.  the  styloid  process,  and  numerous  depressions.  Upon 
the  mastoid  (posterior)  wall  may  be  noted  inferiorly,  additional  tympanic  cellulce 
(fig.  749),  and  above  these  is  the  pyramidal  eminence  with  the  tendon  of  the  sta- 
pedius muscle  emerging  from  its  apex,  and  superiorly  the  chorda  tympani  nerve, 
issuing  from  its  canal.  Superior  to  these  are  a  depression,  the  posterior  sinus,  a 
fossa,  which  marks  the  attachment  of  the  posterior  ligament  of  the  incus,  and  the 
opening  into  the  tympanic  (mastoid)  antrum.  The  tympanic  (mastoid)  antrum  leads 
posteriorly  and  inferiorly  into  the  mastoid  air-cells,  which  are  described  on  pp.  61, 
65,  67,  and  anteriorly  connects  with  the  superior  part  of  the  tympanic  cavity, 
epitympanic  recess,  or  attic  (fig.  751),  which  extends  inferiorly  to  the  level  of  the  tym- 
panic membrane  and  superiorly  to  the  tegmen  tympani.  The  prominence  of  the 
facial  (Fallopian)  canal  and  the  prominence  of  the  lateral  semicircidar  canal  are  seen 
superiorly,  partly  upon  the  posterior,  but  mainly  upon  the  medial  wall.    The  car- 
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otid  (anterior)  wall  presents  superiorly  the  tensor  tympani  muscle  in  its  canal,  and 
the  opening  of  the  tuba  auditiva  (Eustachian  tube)  (fig.  751).  Inferiorly,  a  thin,  bony 
wall,  covered  with  tympanic  cellulse  and  pierced  by  the  carotico-tympanic  nerves, 
separates  the  tympanic  cavity  from  the  carotid  canal.  The  membranous  (lateral) 
wall  is  formed  mainly  by  the  tympanic  membrane,  with  the  small  rim  of  bone  to 
which  it  is  attached,  but  superiorly  the  lateral  wall  of  the  epitympanic  recess  is  formed 
by  bone.  The  labyrinth  (medial)  wall  (fig.  749)  presents  ventrally  the  promontory, 
with  the  tympanic  plexus  (Jacobson's  nerve)  lodged  in  grooves  upon  its  surface.  In- 
ferior and  posterior  to  the  promontory  is  a  depression  or  fossula  at  the  bottom  of 
which  is  the  cochlear  fenestra  (fenestra  rotunda),  closed  by  the  secondary  tympanic 
membrane,  and  posterior  to  the  promontory  is  a  smooth  projection,  the  subiculum  of 
the  promontory ,  which  forms  the  inferior  border  of  a  rather  deep  depression  known  as 
the  tympanic  sinus.  Superiorly  is  the  cochleariform  process,  and  superiorly  and  pos- 
teriorly are  a  depression  or  fossula  leading  to  the  vestibular  fenestra  (fenestra  ovalis), 

Fig.  749. — The  Labyrinth  (Medial)  Wall  of  the  Right  Tympanum  with  the  Tympanic 
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which  is  closed  by  the  base  of  the  stapes,  the  prominence  of  the  facial  (Fallopian) 
canal,  and  the  prominence  of  the  lateral  semicircular  canal. 

The  tympanic  cavity  contains  three  small  movable  bones,  joined  together  and 
to  the  walls  of  the  cavity,  and  having  attached  to  them  special  muscles  and  ligaments. 
These  auditory  ossicles  form  a  chain  across  the  tympanic  cavity,  connecting  the  tym- 
panic membrane  and  the  vestibular  (oval)  fenestra.  They  are  the  malleus,  the  in- 
cus, and  the  stapes,  and  are  described  on  p.  69. 

Articulations  of  the  ossicles. — The  manubrium  and  lateral  process  of  the  malleus  are  im- 
bedded in  the  tympanic  membrane,  and  an  irregularly  elliptical  articular  surface  on  the  posterior 
side  of  the  head  of  the  malleus  is  bound  to  the  body  of  the  incus  by  a  thin  capsular  ligament, 
forming  a  diarthrodial  joint,  the  incudo-malleolar  articulation.  From  the  inner  surface  of  the 
capsular  ligament,  a  wedge-shaped  rim  projects  into  the  joint  cavity  and  incompletely  divides  it. 
The  long  crus  of  the  incus  is  arranged  parallel  but  dorsal  and  medial  to  the  manubrium  of  the 
malleus  (figs.  749  and  751),  and  ends  dorsally  and  superiorly  to  the  tip  of  the  manubrium  in  the 
lenticular  process.  The  convex  extremity  of  this  fits  into  the  concavity  on  the  head  of  the  stapes, 
to  form  a  diarthrodial  joint,  the  incudo-stapedial  articulation.  From  its  articulation  with 
the  incus  the  stapes  passes  almost  horizontally  across  the  tympanic  cavity  to  its  junction 
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with  the  medial  wall.  The  cartilage-covered  edge  of  the  base  is  bound  to  the  cartilage-covered 
rim  of  the  vestibular  (oval)  fenestra  by  the  annular  ligament  of  the  base  of  the  stapes,  thus  form- 
ing the  tympano-stapedial  syndesmosis. 

Ligaments  of  the  ossicles. — In  addition  to  the  attachment  of  the  manubrium 
of  the  malleus  and  the  base  of  the  stapes  to  the  walls  of  the  tympanic  cavity,  the  bones 
have  additional  ligamentous  attachments.  The  superior  malleolar  ligament 
runs  almost  vertically  from  the  superior  wall  of  the  epitympanic  recess  to  the  head 
of  the  malleus  (fig.  750).  The  anterior  malleolar  ligament  extends  from  the  angu- 
lar spine  of  the  sphenoid  bone  through  the  petro-tympanic  (Glaserian)  fissure  to 
the  anterior  or  long  process  of  the  malleus,  which  it  surrounds,  and  is  inserted  with 
it  into  the  neck  of  the  malleus.  The  lateral  malleolar  ligament  is  short  and  thick, 
and  runs  from  the  margins  of  the  tympanic  notch  (notch  of  Rivinus)  to  the  neck  of 
the  malleus  (fig.  750).  The  posterior  ligament  of  the  incus  passes  from  the  fossa 
on  the  posterior  tympanic  wall  to  the  crus  brevis  of  the  incus  (fig.  751).    The  su- 

Fig.  750. — The  Tympanic  Cavity,  Anterior  Wall  Removed. 
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perior  ligament  of  the  incus  is  little  more  than  mucous  membrane;  it  runs  from 
the  tympanic  roof  to  the  body  of  the  incus. 

Muscles  of  the  ossicles. — Each  of  the  muscles  of  the  ossicles  is  contained  in  a 
bony  canal.  The  tensor  tympani  is  a  pinniform  muscle  about  2  cm.  long.  It  arises 
from  the  cartilaginous  part  of  the  tuba  auditiva  (Eustachian  tube),  from  the  adjacent 
part  of  the  great  wing  of  the  sphenoid,  and  from  the  bony  walls  of  the  semicanal 
which  encloses  it.  It  ends  in  a  round  tendon  which  turns  almost  at  right  angles 
over  the  cochleariform  process  and  passes  laterally  across  the  tympanic  cavity  to  be 
attached  to  the  manubrium  of  the  malleus  near  the  neck.  It  draws  the  manubrium 
medially  and  tightens  the  tympanic  membrane,  and  is  supplied  by  the  motor  division 
of  the  fifth  cranial  nerve,  through  the  tensor  tympani  branch  from  the  otic  ganglion. 
The  stapedius  arises  from  the  inside  of  the  hollow  pyramidal  eminence,  the  apex  of 
which  is  pierced  by  its  tendon,  which  then  turns  inferiorly  and  is  inserted  on  the  pos- 
terior surface  of  the  neck  of  the  stapes.  It  draws  laterally  the  ventral  border  of  the 
base  of  the  stapes  and  is  supplied  by  the  facial  nerve. 

The  tympanic  mucous  membrane  forms  a  complete  covering  for  the  walls  and 
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contents  of  the  tympanic  cavity,  and  is  continuous  anteriorly  with  the  mucosa  of  the 
tuba  auditiva  (Eustachian  tube)  and  posteriorly  with  that  of  the  tympanic  (mastoid) 
antrum  and  mastoid  cells.  It  is  a  thin,  transparent,  vascular  membrane  intimately 
united  to  the  periosteum.  As  it  passes  from  the  walls  to  the  contents  of  the  tympanic 
cavity,  besides  covering  the  ligaments  of  the  malleus  and  the  incus  and  the  tendons 
of  the  tensor  tympani  and  stapedius  muscles,  it  forms  a  number  of  special  folds  and 
pouches.  The  anterior  malleolar  fold  is  reflected  from  the  tympanic  membrane 
over  the  anterior  process  and  ligament  of  the  malleus  and  the  adjacent  part  of  the 
chorda  tympani,  and  the  posterior  malleolar  fold,  stretching  between  the  manu- 
brium and  the  posterior  tympanic  wall,  surrounds  the  lateral  ligament  of  the  malleus 
and  the  posterior  part  of  the  chorda  tympani.  Each  of  these  folds  presents  inferiorly 
a  concave  free  border,  and  between  them  and  the  tympanic  membrane  are  two  blind 
pouches,  the  anterior  and  posterior  malleolar  recesses  or  pouches  of  Troltsch. 
Connected  with  the  posterior  recess  is  a  third  cul-de-sac,  the  superior  recess  of  the 
tympanic  membrane,  or  pouch  of  Prussak,  situated  between  the  pars  flaccida  of 
the  tympanic  membrane  and  the  neck  of  the  malleus.  Its  floor,  which  is  formed  by 
the  lateral  process  of  the  malleus,  is  lower  than  its  outlet  and,  therefore,  it  may  serve 


Fig.  751. — Medial  Surface  of  Right  Membrana  Tympani.  (Enlarged.) 
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as  a  pocket  in  which  pus  or  other  fluid  may  accumulate.  A  somewhat  variable  fold 
of  mucosa,  the  plica  incudis,  passes  from  the  roof  of  the  tympanic  cavity  to  the  body 
and  short  process  of  the  incus.  The  body  and  short  process  of  the  incus,  the  head  of 
the  malleus,  and  this  fold  incompletely  separate  off  a  lateral  cupular  portion  of  the 
epitympanic  recess,  and  a  stapedial  fold  stretches  from  the  posterior  wall  of  the 
tympanic  cavity  and  surrounds  the  stapes,  including  the  obturator  membrane,  which 
stretches  between  its  crura.  Other  inconstant  folds  have  been  described.  The  mu- 
cosa of  the  tympanic  cavity,  except  over  the  tympanic  membrane,  promontory,  and 
ossicles,  is  covered  by  a  columnar  ciliated  epithelium. 

Vessels  and  nerves. — The  arteries  of  the  tympanic  cavity  are  the  anterior  tympanic  from 
the  internal  maxillary  artery  (p.  529,  fig.  413),  the  stylo-mastoid  from  the  posterior  auricular 
artery  (p.  526),  the  superficial  petrosal  from  the  middle  meningeal  artery  (p.  529),  the  inferior 
tympanic  from  the  ascending  pharyngeal  (p.  518,  fig.  408),  and  the  carotico-tympanic  branch 
from  the  internal  carotid.  The  veins  empty  into  the  superior  petrosal  sinus  and  into  the  pos- 
terior facial  (temporo-maxillary)  vein  (p.  648).  The  nerves  are  the  tympanic  plexus  formed  by 
the  tympanic  branch  of  the  glossopharyngeal  (p.  981),  and  the  inferior  and  superior  carotico- 
tympanic nerves  from  the  internal  carotid  plexus  of  the  sympathetic  (p.  1005).  The  small  super- 
ficial petrosal  nerve  takes  its  origin  from  the  tympanic  plexus,  and  the  chorda  tympani  crosses 
the  tympanic  cavity  from  the  dorsal  to  the  ventral  wall  (p.  977,  figs.  704  and  751). 
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The  tuba  auditiva  (Eustachian  tube)  (fig.  747)  extends  from  the  carotid  (an- 
terior) wall  of  the  tympanic  cavity  inferiorly,  medially,  and  ventrally  to  the  pharynx. 
It  is  about  37  mm.  (l-5  in.)  long,  and  throughout  one-third  of  its  length  has  a  bony 
wall,  that  of  the  other  two-thirds  being  cartilaginous.  The  osseous  part  (see  p.  66) 
begins  at  the  tympanic  ostium  on  the  anterior  wall  of  the  tympanic  cavity.  It  is 
in  relation  medially  and  inferiorly  with  the  carotid  canal,  and  gradually  contracts 
to  its  irregular  medial  extremity,  which  is  the  narrowest  point  in  the  tube,  and 
is  termed  the  isthmus.  The  cartilaginous  part  is  firmly  attached  to  the  osseous 
and  lies  in  a  sulcus  at  the  base  of  the  angular  spine  of  the  sphenoid  bone.  It  grad- 
ually dilates  in  its  passage  to  the  lateral  wall  of  the  pharynx,  where  its  opening,  phar- 
yngeal ostium,  is  just  posterior  to  the  inferior  nasal  concha  (turbinated  bone).  The 
walls  of  the  cartilaginous  part  are  formed  by  a  cartilaginous  plate  which  is  folded  so 
as  to  form  a  trough-like  structure,  consisting  of  a  medial  and  a  lateral  lamina,  com- 
pleted inferiorly  by  a  membranous  lamina  formed  of  connective  tissue.  A  small 
portion  of  the  lumen  in  the  superior  part  of  the  cartilaginous  tube  remains  permanently 
open;  elsewhere  the  walls  are  in  contact,  except  during  deglutition,  when  they  are 
opened  by  the  tensor  and  levator  veli  palatini  muscles.  The  mucosa  of  the  osseous 
part  is  thin,  and  firmly  attached  to  the  bony  wall,  but  in  the  cartilaginous  part  it 
becomes  thicker,  looser,  and  folded,  and  contains  mucous  glands,  especially  near  the 
pharynx,  where  there  is  also  some  adenoid  tissue. 

The  development  of  the  external  and  middle  ear. — Embryologically  the  external  and 
middle  ears  have  a  common  origin  quite  distinct  from  that  which  gives  rise  to  the  internal  ear,  and 
are  to  be  regarded  as  portions  of  the  branchial  arch  apparatus,  secondarily  adapted  to  auditory 
purposes.  They  are  formed  from  the  upper  part  of  the  first  branchial  cleft  (see  p.  9),  and  the 
adjacent  portions  of  the  first  and  second  branchial  arches. 

The  branchial  cleft  is  represented  in  the  human  embryo  by  an  external  and  a  corresponding 
internal  or  pharyngeal  groove,  separated  by  a  thin  membrane,  there  being  no  formation  of  an 
actual  cleft.  The  lower  portion  of  the  external  groove  closes,  while  the  upper  part  persists  as 
the  external  acoustic  meatus,  the  auricle  being  formed  from  the  adjacent  portions  of  the  first 
and  second  branchial  arches.  The  first  arch  gives  rise  to  the  tragus,  and  the  cms  and  upper  portion 
of  the  helix,  and  the  second  arch  to  the  remainder  of  the  helix,  the  anthelix,  antitragus,  and  lobule. 

The  membrane  forming  the  floor  of  the  groove  and  separating  it  from  the  pharyngeal  groove 
becomes  the  tympanic  membrane,  which  is  thus  lined  on  its  outer  surface  by  ectoderm  and  on  its 
inner  by  endoderm.  The  lips  of  the  upper  part  of  the  pharyngeal  groove  unite,  so  that  the 
portion  of  the  groove  is  converted  into  a  cavity,  from  which  are  formed  the  tympanic  cavity  and 
the  tuba  auditiva  (Eustachian  tube);  the  lower  portion  of  the  groove  remains  open  and  is  rep- 
resented in  the  adult  by  the  fossa  in  which  the  tonsil  lies,  and  by  the  supratonsillar  fossa.  The 
auditory  ossicles  and  their  muscles  are  derived  from  the  neighbouring  arches,  the  malleus  and  incus, 
together  with  the  tensor  tympani,  being  derived  from  the  first  arch,  while  the  stapes  and  stape- 
dius come  from  the  second. 

The  tympanic  cavity  is  at  first  quite  small,  but  later  increases  greatly,  partly  by  the  con- 
densation of  the  loose  areolar  tissue  which  underlies  its  mucous  membrane,  the  auditory  ossicles 
and  their  muscles  being  thus  apparently  brought  within  the  cavity,  and  partly  by  the  absorption 
of  the  neighbouring  bone.  By  this  latter  process  the  antrum  and  the  tympanic  and  mastoid 
cells  are  formed,  all  these  depressions  or  cavities  being  lined  by  mucous  membrane  continuous 
with  that  of  the  tympanic  cavity. 


THE  INTERNAL  EAR 

The  internal  ear  is  the  essential  part  of  the  organ  of  hearing.  It  consists  of  a 
cavity,  the  osseous  labyrinth,  contained  within  the  petrous  portion  of  the  temporal 
bone,  and  enclosing  a  membranous  labyrinth.  The  osseous  labyrinth  is  divided 
into  cochlea,  vestibule,  and  semicircular  canals,  which  have  been  described  on 
pages  69  to  71. 

The  membranous  labyrinth,  in  which  the  acoustic  nerve  ends,  lies  within  the 
osseous  labyrinth,  the  form  of  which  it  more  or  less  closely  resembles.  It  is  much 
smaller  in  diameter  than  the  osseous,  and  its  delicate  walls  are  separated  from  the  bone 
by  an  endothelial-lined  space  which  is  filled  with  a  fluid,  the  perilymph,  while  the  fluid 
which  it  itself  contains  is  termed  the  endolymph.  The  portion  of  the  membranous 
labyrinth  situated  in  the  vestibule  consists  of  two  sacs,  the  utricle  and  saccule 
(figs.  755,  756,  757).  The  utricle  is  an  oval  tubular  sac,  whose  rounded  end  lies  in  the 
superior  and  dorsal  portion  of  the  vestibule.  It  is  here  tightly  bound  to  the  elliptic 
recess  (fovea  hemielliptica)  by  connective  tissue  and  by  the  entrance  of  the  filaments 
of  the  utricular  division  of  the  acoustic  nerve  as  they  pass  from  the  superior  macula 
cribrosa  to  the  wall  of  the  utricle.  In  the  anterior  part  of  the  interior  of  the  utricle,  an 
67 
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oval,  whitish,  thickened  area,  macula  acustica  utriculi,  marks  the  terminal  distribu- 
tion of  the  nerve,  and  posteriorly  the  utricle  is  joined  by  the  orifices  of  the  semicircular 
canals.  The  saccule  is  a  flattened,  oval  sac,  smaller  than  the  utricle,  and  situated  in 
the  anterior  and  inferior  part  of  the  vestibule.  It  is  bound  to  the  spherical  recess  (fovea 

Fig.  752. — The  Osseous  Labyrinth  op  the  Right  Side. 
(Modified  from  Soemmerring.  Enlarged.) 


Ampulla 
Ampulla 

Second  turn  of  cochlea 
Cupula  of  cochlea 


Commencement  of  first  turn  of  the  cochlea 


hemisphserica)  by  connective  tissue  and  by  the  saccular  division  of  the  acoustic  nerve, 
filaments  of  which  extend  from  the  middle  macula  cribrosa  to  the  anterior  and  medial 
wall  of  the  saccule,  to  be  distributed  over  a  thickened  area,  macula  acustica  sac- 


Fig.  753. — Interior  of  the  Osseous  Labyrinth  of  the  Left  Side. 
(Modified  from  Soemmerring.  Enlarged.) 


Scala 


and 


culi.  Anteriorly  and  inferiorly  the  saccule  gradually  passes  into  a  short  canal,  the 
ductus  reuniens,  which  connects  it  with  the  cochlear  duct,  and  posteriorly  the  very 
small  endolymphatic  duct  is  attached.    This  extends  through  the  aquseductus  ves- 

Fig.  754. — Interior  of  the  Osseous  Cochlea.  (Enlarged.) 


-  Lamina  spiralis 
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tibuli  to  the  posterior  surface  of  the  petrous  portion  of  the  temporal  bone,  where  it 
ends  in  a  dilated  blind  pouch,  the  endolymphatic  sac,  situated  just  beneath  the  dura. 
Just  beyond  the  saccule  the  endolymphatic  duct  is  joined  at  an  acute  angle  by  a  short 
canal  of  minute  calibre,  the  utriculosaccular  duct,  which  opens  into  the  utricle 
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through  its  anterior  medial  wall  and.  with  the  endolymphatic  duct,  connects  it  with 
the  saccule.  The  semicircular  ducts  (membranous  semicircular  canals)  are  sit- 
uated within  the  osseous  semicircular  canals  and  are,  therefore,  known  as  the  lateral, 
superior,  and  posterior  semicircular  ducts.  They  connect  with  the  utricle  by  five 
openings,  the  posterior  and  superior  ducts  uniting  to  form  a  common  crus  before 


Fig.  755. — Diagram  of  the  Left  Membranous  Labyrinth.  (Deaver.) 
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their  termination.  Each  duct  is  less  than  a  third  of  the  diameter  of  the  bony  canal, 
from  which  it  is  separated  by  a  large  perilymphatic  space,  except  along  the  greater 
curvature,  where  it  is  attached.  The  ducts  are  dilated  in  the  bony  ampullae,  pro- 
ducing the  lateral,  superior,  and  posterior  membranous  ampullae,  and  on  the 
attached  surface  of  each  of  these  there  is  a  transverse  groove,  the  ampullary  sulcus, 

Fig.  756. — Right  Membranous  Labyrinth  of  a  Newborn  Child.  Exposed  by  Partial 
Removal  of  the  Bony  Labyrinth.  Dorsal  view.  (Toldt,  "Atlas  of  Human  Anatomy," 
Rebman,  London  and  New  York.) 
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for  the  ampullary  division  of  the  acoustic  nerve,  and  corresponding  to  the  sulcus 
a  ridge,  the  ampullary  crista,  projects  into  the  interior.  The  crista?  in  the  ampulla? 
of  the  membranous  semicircular  ducts  and  the  macula?  in  the  saccule  and  utricle 
are  superficially  covered  with  fine  crystals  of  calcium  carbonate,  otoconia  (otoliths). 
The  cochlear  duct  (membranous  cochlea  or  scala  media)  begins  within  the 
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cochlear  recess  of  the  vestibule  in  a  blind  pouch,  the  vestibular  caecum,  and  travers- 
ing the  spiral  canal  of  the  cochlea,  ends  just  beyond  the  hamulus  of  the  lamina  spir- 
alis in  a  second  blind  pouch,  the  cupular  caecum.     Close  to  the  vestibular  caecum 

Fig.  757. — Schematic  Representation  of  the  Right  Membranous  Labyrinth  and  the 
Divisions  of  the  Acoustic  Nerve.  Dorsal  view.  (Toldt,  "Atlas  of  Human  Anatomy," 
Rebman,  London  and  New  York.) 
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it  is  joined  to  the  saccule  by  the  ductus  reuniens.  It  is  lined  throughout  by  epi- 
thelium and  is  somewhat  triangular  in  cross-section.  Its  floor  is  formed  by  thickened 
periosteum  over  part  of  the  osseous  lamina  spiralis  and  by  a  fibrous  membrane,  the 

Fig.  758. — Axial  Section  Through  the  Decalcified  Cochlea  of  a  Newborn  Child. 
(Toldt,  "Atlas  of  Human  Anatomy,"  Rebman,  London  and  New  York.) 
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lamina  basilaris,  which  stretches  from  the  free  border  of  the  lamina  spiralis  to  a 
thickening  of  the  periosteum,  the  spiral  ligament  of  the  cochlea,  on  the  peripheral 
wall.    The  epithelium  of  this  floor  is  greatly  modified,  forming  the  spiral  organ 
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(organ  of  Corti),  in  which  the  fibres  of  the  cochlear  nerve  terminate.  The  periph- 
eral wall  is  formed  by  the  thickened  periosteum  upon  the  peripheral  wall  of  the  coch- 
lear canal,  while  the  third  wall  is  formed  by  a  thin  vestibular  membrane  (mem- 
brane of  Reissner)  which  passes  from  the  peripheral  wall  to  the  osseous  lamina 
spiralis  near  its  free  margin,  forming  with  the  lamina  spiralis  an  angle  of  45  degrees. 
The  cochlear  duct  and  the  osseous  spiral  lamina  divide  the  cochlear  spiral  canal  into 
two  parts,  one  next  to  the  basilar  membrane,  the  scala  tympani,  and  one  next  to 
the  vestibular  membrane,  the  scala  vestibuli.  The  scala  tympani  unites  with  the 
scala  vestibuli  at  the  helicotrema,  and  from  the  scala  tympani  a  minute  canal,  the 
perilymphatic  duct,  passes  through  the  cochlear  canaliculus  and  connects  with  the 
subarachnoid  space.  A  thin  fibrous  layer,  the  secondary  tympanic  membrane, 
closes  the  cochlear  fenestra  (fenestra  rotunda)  and  thus  separates  the  scala  tympani 
from  the  tympanic  cavity,  and  the  vestibular  perilymphatic  space  (scala  vestibuli) 
is  separated  from  the  tympanic  cavity  by  the  base  of  the  stapes  in  the  vestibular 
fenestra  (fenestra  ovalis). 

Vessels  and  nerves. — The  internal  auditory  artery  (p.  546,  fig.  477),  a  branch  of  the  basilar, 
accompanies  the  acoustic  nerve.  It  supplies  the  vestibule,  semicircular  canals,  and  cochlea,  and 
their  membranous  contents.  The  blood  is  returned  by  the  internal  auditory  vein  into  the  in- 
ferior petrosal  sinus,  and  by  small  veins  which  pass  through  the  cochlear  and  vestibular  aqueducts 
to  the  inferior  and  superior  petrosal  sinuses.  The  acoustic  nerve  (p.  979,  figs.  583  and  758) 
consists  of  a  vestibular  and  a  cochlear  division.  The  membranous  ampulla?  of  the  semicircular 
ducts  and  the  acoustic  maculae  of  the  utricle  and  saccule  are  supplied  by  the  vestibular  nerve. 
The  spiral  organ  (organ  of  Corti)  in  the  cochlear  duct  is  supplied  by  the  cochlear  nerve. 

The  development  of  the  internal  ear. — The  internal  ear  is  the  essential  organ  of  hearing, 
and  appears  at  an  early  stage  in  the  embryo  as  a  depression  of  the  ectoderm  at  the  side  of  the  head, 
above  the  dorsal  end  of  the  second  branchial  arch.  The  depression  is  lined  by  a  thickened 
epithelium,  and,  sinking  more  deeply  into  the  subjacent  mesodermic  tissue,  is  eventually  con- 
stricted from  the  ectoderm  to  form  a  rounded  sac,  the  otocyst,  imbedded  in  the  mesodermic 
tissue  which  will  become  the  petrous  portion  of  the  temporal  bone.  From  this  simple  ectodermic 
sac  the  entire  membranous  internal  ear  is  formed,  the  so-called  osseous  internal  ear  being  merely 
the  bony  walls  of  the  cavity  in  which  the  otocyst  lies. 
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The  tongue  is  a  muscular  organ  covered  with  epithelium.  It  is  highly  sensitive 
and  freely  movable,  and  plays  an  important  part  in  the  mastication  and  deglutition 

Fig.  759. — Dorsum  of  the  Tongue. 

Ventricular  plica      LOWER  END  OF  PHARYNX 


of  the  food,  and  is  one  of  the  organs  of  speech.  Moreover,  it  is  the  principal  seat  of 
the  organ  of  taste.    It  has  the  following  parts:  a  superior  surface,  the  dorsum,  sepa- 
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rated  in  its  anterior  two-thirds  from  the  inferior  surface  by  the  lateral  margins 

and  apex.    A  muscular  body  is  attached  posteriorly  and  inferiorly  at  the  root. 

The  dorsum  (fig.  759)  is  marked  in  its  anterior  two-thirds  by  a  slight  longitudinal 
groove,  the  median  sulcus,  and  just  beyond  the  dorsal  end  of  this  there  is  usually  a 
small  blind  pouch,  the  foramen  caecum  (Morgagni),  which  represents  the  superior  end 
of  the  thyreo-glossal  duct.  Two  slight  grooves  run  ventrally  and  laterally  from  the 
foramen  caecum,  and  together  form  a  V-shaped  groove,  the  terminal  sulcus,  which 
marks  the  point  of  union  of  the  body  of  the  tongue,  derived  from  the  tuberculum 
impar,  and  the  root,  derived  from  the  anterior  ends  of  the  second  and  third  branchial 
arches.  It  also  marks  a  division  of  the  dorsum  into  a  ventral  or  oral  portion  and  a 
dorsal  or  pharyngeal  part. 

The  mucous  membrane  covers  the  whole  of  the  free  surface  of  the  tongue  (fig. 
759).  Dorsally,  in  the  middle  line,  is  the  prominent  median  glosso-epiglottic 
fold,  and  on  each  side  of  this  the  more  rounded  lateral  glosso-epiglottic  folds, 
connecting  the  tongue  and  the  epiglottis.  Between  the  median  and  lateral  fold  on 
each  side  there  is  a  shallow  fossa,  the  epiglottic  vallecula.    Laterally  the  mucous 

Fig.  760. — Superior  Surface  of  the  Tongue.    (Modified  from  Spalteholz.) 


membrane  of  the  dorsal  portion  is  reflected  over  the  tonsil  and  palatine  arches,  and 
ventrally  it  is  reflected  over  the  lateral  margins  and  apex  to  the  inferior  surface,  from 
which  it  passes  to  the  floor  of  the  mouth  and  thence  to  the  gums  of  the  lower  jaw. 

Upon  the  inferior  surface  of  the  tongue,  near  the  tip,  is  a  median  depression 
(fig.  760),  from  which  a  prominent  median  fold  of  mucous  membrane,  the  frenulum, 
stretches  to  the  gums.  On  each  side  of  the  frenulum,  and  close  to  it,  at  about  the 
junction  of  the  inferior  surface  of  the  tongue  and  the  floor  of  the  mouth,  is  a  rounded 
nodule,  the  sublingual  caruncle,  upon  which  the  submaxillary  duct  opens. 
Running  dorsally  and  laterally  from  each  caruncle  is  a  long,  rounded  ridge,  the  sub- 
lingual fold,  beneath  which  is  situated  the  sublingual  gland,  and  about  midway  be- 
tween the  frenulum  and  the  lateral  margins  of  the  tongue  are  two  ragged  folds  of 
mucous  membrane,  the  fimbriate  folds,  which  converge  ventrally.  Between  these 
folds  and  the  frenulum  the  ranine  veins  are  seen  beneath  the  mucous  membrane. 

Papillae  of  the  tongue. — Over  the  oral  portion  of  the  dorsum  of  the  tongue  the 
red  mucous  membrane  is  somewhat  whitened  by  the  thickening  of  the  epithelium, 
which  produces  the  numerous  lingual  papillas  '(fig.  759).    Four  kinds  can  be  dis- 
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tinguished. '  The  filiform  papillae  are  the  smallest  and  most  numerous,  and  are  fili- 
form or  conical  in  shape  and  thickly  cover  the  ventral  two-thirds  of  the  dorsum  and 
also  the  lateral  margins  and  apex.  They  are  arranged  in  faintly  marked  lines  which 
are  parallel  posteriorly  with  the  terminal  sulcus,  but  become  more  transverse  towards 
the  tip.  They  are  best  developed  dorsally  in  the  middle  line,  and  those  which  are 
largest  and  longest  are  known  as  the  conical  papillae.  The  fungiform  papillae  are 
scattered  irregularly  among  the  preceding  over  the  dorsum,  lateral  margins,  and  apex 
of  the  tongue,  being  most  numerous  in  the  two  latter  situations.  The  epithelium 
covering  them  is  thinner  than  in  the  filiform  papilla?,  and  they  are,  therefore,  redder  in 
colour.  Each  consists  of  a  comparatively  narrow  base  supporting  a  broader,  rounded, 
free  extremity.  Many  on  the  margins  are  flattened  or  lens  shaped,  and  are  called 
lenticular  papillae.  The  vallate  (circumvallate)  papillae,  seven  to  twelve  in  num- 
ber, are  the  largest.  They  are  arranged  in  a  V-shaped  line  ventral  to  the  terminal 
sulcus  and  parallel  with  it.  Each  presents  an  attached  base  slightly  narrower  than 
the  broad,  flattened,  free  top,  and  is  situated  in  a  circular  depressed  fossa  surrounded 
by  a  slight  ridge,  so  that  the  top  of  the  papilla  and  the  ridge  project  but  slightly  above 
the  surrounding  surface.  In  the  fossa  one  or  more  serous  glands  open.  The  foliate 
papillae  are  represented  by  six  or  seven  vertical  folds  of  mucous  membrane  separated 
by  grooves.    They  are  situated  upon  the  lateral  margin  of  the  tongue  just  ventral 


to  the  glosso-palatine  arch,  and  are  more  or  less  rudimentary  in  man,  compared  with 
their  development  in  some  of  the  lower  mammals. 

The  gustatory  organ  is  formed  by  microscopic  special  end-organs  of  taste,  the 
caliculi  gustatoria  or  taste-buds,  which,  besides  being  found  upon  the  epiglottis 
and  velum  palatinum  (soft  palate) ,  are  located  on  the  vallate,  fungiform,  lenticular, 
and  foliate  papillae,  but  are  absent  from  the  filiform  and  conical. 

Beneath  the  mucous  membrane  of  the  posterior  third  of  the  tongue  abundant 
lymphoid  tissue  is  collected  to  form  nodular  masses  of  variable  size,  the  lingual 
follicles,  which  are  grouped  together  under  the  name  of  the  lingual  tonsil.  They 
extend  from  the  terminal  sulcus  to  the  epiglottis,  and  laterally  as  far  as  the  palatine 
tonsils.  The  lingual  glands  which  lie  beneath  the  mucous  membrane  of  the  lingual 
tonsil  are  especially  abundant  near  the  foramen  caecum  and  around  the  vallate  and 
foliate  papillae.  A  special  group  forms  on  each  side  of  the  frenulum,  and  just 
medial  to  the  tip  of  the  tongue,  an  oval  mass,  the  anterior  lingual  glands  (glands 
of  Nuhn  or  Blandin) ,  which  are  partially  covered  by  muscular  fibres. 

Muscles  of  the  tongue. — A  layer  of  fibrous  connective  tissue,  the  lingual  sep- 
tum, separates  the  halves  of  the  tongue,  extending  in  the  median  plane  from  the  apex 
to  the  base,  where  it  is  attached  to  the  hyoid  bone.  The  muscles  of  the  tongue  are 
classified  as  extrinsic  and  intrinsic.  The  extrinsic  muscles  are  the  hyo-glossus, 
genio-glossus,  stylo-glossus,  and  glosso-palatinus  (palato-glossus),  and  part  of  the 
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Fig.  763. — Schematic  Representation  of  the  Distribution  of  the  Sensory  Nerves  in 
the  Mucous  Membrane  of  the  Tongue.    (Areas  of  distribution  according  to  R.  Zander.) 
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superior  constrictor  of  the  pharynx,  all  of  which  are  described  elsewhere  (see  pp. 
344,  1078,  and  1085). 

The  intrinsic  muscles. — The  longitudinalis  superior  (fig.  761)  is  a  superficial 
longitudinal  stratum  extending  from  the  base  to  the  apex  of  the  tongue,  immediately 
beneath  the  mucosa  of  the  dorsum,  to  which  many  of  its  fibres  are  attached.  The 
longitudinalis  inferior  (fig.  761)  is  composed  of  two  muscle-bands  extending  from 
base  to  apex  on  the  inferior  surface  of  the  tongue,  and  is  situated  between  the  hyo- 
glossus  and  the  genio-glossus,  some  of  its  fibres  near  the  apex  mixing  with  the  stylo- 
glossus, while  dorsally  some  are  attached  to  the  hyoid  bone.  The  transversus 
linguae  (fig.  761)  consists  of  fibres  which  pass  transversely,  and  is  situated  between 
the  superior  and  inferior  longitudinal  muscles.  The  fibres  arise  from,  or  pass  through, 
the  septum  linguse,  and  are  attached  to  the  mucosa  of  the  dorsum  and  lateral  mar- 
gins of  the  tongue.  The  verticalis  linguae  (fig.  761)  is  composed  of  fibres  which 
pass  from  the  mucosa  of  the  dorsum  to  the  mucosa  of  the  inferior  surface  of  the 
tongue,  interlacing  with  those  of  the  other  intrinsic  and  extrinsic  muscles. 

Vessels  and  nerves. — The  lingual  arteries  furnish  the  principal  blood-supply  (p.  520,  fig. 
410).  The  lingual  veins  (p.  664)  carry  the  blood  from  the  tongue  to  the  internal  jugular.  The 
lymphatics  from  the  ventral  portion  empty  into  the  submaxillary  lymph-nodes  and  from  the  pos- 
terior portion  into  the  deep  cervical  nodes.  The  nerves  are  motor  and  sensory  (fig.  763).  The 
hypoglossal  nerve  supplies  the  intrinsic  and  all  the  extrinsic  muscles  of  the  tongue  except  the 
glosso-palatinus  (palato-glossus),  which  is  supplied  from  the  pharyngeal  plexus  (p.  984).  The 
sensory  nerves  are: — the  lingual  nerve,  a  branch  of  the  mandibular  division  of  the  fifth,  which, 
after  joining  with  the  chorda  tympani  from  the  seventh,  is  distributed  to  the  anterior  two-thirds 
of  the  tongue  (p.  969);  the  lingual  branches  of  the  glosso-pharyngeal,  which  are  distributed 
to  the  pharyngeal  third  of  the  tongue,  including  the  vallate  papilla?  (p.  981);  and  the  superior 
laryngeal  branch  of  the  vagus,  which  supplies  a  small  area  near  the  epiglottis. 

The  development  of  the  tongue. — The  tongue  arises  from  two  distinct  origins,  one  of  which 
is  paired.  The  anterior  unpaired  portion  appears  as  a  thickening  in  the  floor  of  the  mouth  op- 
posite the  ventral  ends  of  the  first  branchial  arches,  while  the  posterior  paired  portions  are  formed 
from  a  thickening  over  the  ventral  end  of  the  second  branchial  arch  of  each  side.  The  anterior 
portion  is  received  posteriorly  between  the  diverging  limbs  of  the  posterior  portion,  and  a  fusion 
of  both  portions  occurs  along  a  V-snaPe(i  line,  situated  immediately  behind  the  line  of  the  vallate 
papilla,  its  apex  being  indicated  by  the  foramen  csecum. 
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The  nose  contains  the  organ  of  smell  and  serves  also  as  one  of  the  organs  of  respi- 
ration. It  consists  of  the  external  nose,  the  nasal  cavity,  and  the  paranasal  sinuses 
(accessory  cavities). 

The  external  nose  (fig.  764)  is  shaped  like  a  triangular  pyramid.  At  the  fore- 
Fig.  764. — The  Left  Side  of  the  External  Nose,  showing  its  Cartilages,  etc. 
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head,  between  the  eyes,  is  the  root  of  the  nose,  and  from  this,  extending  inferiorly 
and  ventrally,  is  a,  rounded  ventral  border,  the  dorsum  of  the  nose,  which  may  be 
either  straight,  convex,  or  concave,  and  which  ends  inferiorly  at  the  apex  or  tip. 
The  superior  part  of  the  dorsum  is  known  as  the  bridge.  Inferiorly,  overhanging 
the  upper  lip,  is  the  base  of  the  nose,  which  presents  two  orifices,  the  nares  or  nostrils, 
separated  from  one  another  by  the  inferior  movable  part  of  the  nasal  septum.  The 
sides  of  the  nose  slope  from  the  dorsum  laterally  and  dorsally,  and  inferiorly  are 
expanded  and  more  convex,  forming  the  alae  nasi.  Each  of  these  is  separated  from 
the  rest  of  the  lateral  surface  by  a  sulcus,  and  the  inferior  free  border  of  each  bounds 
a  naris  laterally. 

The  framework  of  the  external  nose  is  formed  partly  of  bone  and  partly  of  hyaline 
cartilage.    The  bones,  which  form  only  the  smaller  superior  part,  are  the  two  nasal 
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bones  and  the  frontal  processes  and  anterior  nasal  spines  of  the  two  maxilla?  (pp.  76- 
80). 

The  nasal  cartilages. — There  are  five  principal  cartilages:  superiorly,  the  two 
lateral  nasal  cartilages,  inferiorly  the  two  greater  alar  (lower  lateral)  cartilages,  and 
the  single  median  nasal  septal  cartilage.  Besides  these  there  are  the  lesser  alar 
cartilages,  the  sesamoid  cartilages,  and  the  vomero-nasal  cartilages  of  Jacobson.  The 

Fig.  765. — Ventral  View  of  the  External  Nose,  showing  its  Cartilages,  etc. 
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lateral  nasal  cartilages  are  triangular  and  nearly  flat  lateral  expansions  of  the 
septal  cartilage,  placed  one  on  each  side  of  the  nose  just  inferior  to  the  nasal  bone. 
Each  presents  an  inner  and  an  outer  surface  and  three  borders.  The  medial  bor- 
der is  continuous  in  its  superior  third  with  the  ventro-superior  margin  of  the  sep- 
tal cartilage,  and  through  this  with  its  fellow  of  the  opposite  side,  but  it  is  separated 
inferiorly  from  the  septal  cartilage  by  a  narrow  cleft.    The  curved  dorso-lateral 


Fig.  766. — Inferior  View  of  the  External  Nose,  showing  its  Cartilages,  etc. 
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border  is  firmly  attached  by  strong  fibrous  tissue  to  the  nasal  bone  and  frontal 
process  of  the  maxilla,  and  underlies  these  bones  for  a  considerable  distance,  especially 
near  the  septum.  The  inferior  border  is  connected  by  fibrous  tissue  to  the  greater 
alar  cartilage.  The  greater  alar  (lower  lateral)  cartilages  are  situated  one  on  each 
side  of  the  tip  of  the  nose  (figs.  764,  766).  Each  is  thin,  pliant,  curved,  and  so  folded 
that  it  forms  a  medial  and  a  lateral  crus,  which  bound  and  tend  to  hold  open  each  naris. 
The  medial  crus  is  loosely  attached  to  its  fellow  of  the  opposite  side,  the  two  being 
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situated  inferior  to  the  septal  cartilage  and  forming  the  tip  of  the  nose  and  the  ventral 
part  of  the  mobile  septum.  The  lateral  crus  joins  the  medial  crus  at  the  apex  of 
the  nose;  it  is  somewhat  oval  in  shape,  and  curves  dorsally  in  the  superior  and  ventral 
portion  of  the  ala.  It  is  connected  posteriorly' to  the  nasal  margin  of  the  maxilla 
by  a  dense  mass  of  fibrous  and  fatty  tissue,  and  helps  to  maintain  the  contour  of 
this  part  of  the  nose.  A  variable  number  of  small  cartilages,  lesser  alar  (sesamoid) 
cartilages,  are  found  in  this  fibrous  tissue  of  the  ala,  and  the  interval  between  each 
greater  alar  and  lateral  cartilage  is  more  or  less  completely  filled  by  one  or  more  small 
plates,  sesamoid  cartilages  (fig.  764).  The  septal  cartilage  (fig.  767)  fits 
into  the  triangular  interval  of  the  bony  septum.  Its  ventro-superior  border  is 
attached  to  the  dorsal  border  of  the  internasal  suture.  Inferior  to  the  nasal  bone  it 
presents  a  shallow  groove  which  gradually  narrows  towards  the  tip  of  the  nose,  and 
whose  borders  are  continuous  superiorly  with  the  lateral  nasal  cartilages,  but  are 
separated  from  their  inferior  two-thirds  by  a  narrow  slit.    The  most  inferior  part 


of  this  border  of  the  septal  cartilage  is  placed  between  the  greater  alar  cartilages. 
The  ventro-mferior  border  extends  dorsally  from  the  rounded  ventral  angle  to  the 
anterior  nasal  spine.  Inferiorly  it  is  attached  to  the  medial  crus  of  the  greater  alar 
cartilage  and  to  the  mobile  nasal  septum.  The  dorso-superior  border  is  attached  to 
the  perpendicular  plate  of  the  ethmoid,  and  the  dorso-inferior  border  joins  the  vomer 
and  the  ventral  part  of  the  nasal  crest  of  the  maxilla,  the  cartilage  broadening  out 
to  obtain  a  wide  though  lax  attachment  to  the  nasal  spine.  The  shape  of  the  septal 
cartilage  varies  with  the  extent  of  the  ossification  of  the  bony  septum.  Even  in  the 
adult  a  strip  of  cartilage  may  extend  for  a  varying  distance  dorso-superiorly  between 
the  vomer  and  perpendicular  plate  of  the  ethmoid,  sometimes  reaching  the  body  of 
the  sphenoid  and  being  known  as  the  sphenoidal  process  of  the  septal  cartilage.  The 
vomero-nasal  cartilage  is  a  narrow  strip  of  cartilage  firmlv  attached  to  each  side  of 
the  septal  cartilage,  where  this  joins  the  ventral  portion  of  the  vomer. 

The  nasal  septum  is  almost  always  straight  in  children  and  aboriginal  skulls;  but 
m  a  large  proportion  of  adults  it  is  deflected  to  one  side  or  the  other. 
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Muscles.— The  muscles  are  grouped  as  dilators  and  constrictors,  the  latter  being 
comparatively  feeble  in  their  action.    They  are  described  on  pp.  330  and  331. 

The  skin  covering  the  external  nose  is  thin  and  freely  movable  upon  the  sub- 
jacent parts,  except  at  the  tip  and  over  the  cartilages,  where  it  is  much  thicker,  more 
adherent,  and  furnished  with  numerous  large  sebaceous  glands.  At  the  nares  it  is 
reflected  into  the  nasal  cavity  as  far  as  the  limen,  where  it  joins  the  mucous  membrane. 
The  hairs  on  the  skin  of  the  nose  are  very  fine,  except  in  the  nares,  where  they  may 
be  strongly  developed,  and  are  then  known  as  vibrissas. 

Vessels  and  nerves. — The  arteries  of  the  external  nose  are  derived  from  the  external  maxil- 
lary (facial)  artery  (pp.  523  and  524),  the  ophthalmic  artery  (p.  538),  and  the  infra-orbital  artery 
(p.  531).  The  veins  terminate  in  the  facial  vein  and  the  ophthalmic  vein  (p.  662).  The 
lymphatics  pass  to  the  submaxillary  lymphatic  nodes  (p.  708).  The  motor  nerves  are  branches 
of  the  facial  (p.  979).  The  sensory  nerves  are  derived  from  the  fifth  through  the  frontal  and 
naso-ciliary  branches  of  the  ophthalmic  (p.  966)  and  infra-orbital  branch  of  the  maxillary  (p.  968). 

The  nasal  cavity  is  composed  of  the  two  nasal  fossae,  the  bony  walls  of  which 
have  already  been  described  (pp.  101-104).    The  nasal  fossae  extend"  from  the  ventral 


Fig.  786. — Oblique  Section  passing  through  the  Nasal  Fossae  just  in  Front  op  the 

Choan.e.    (Seen  from  behind.) 


opening  upon  the  face,  the  nares,  to  the  dorsal  communication  with  the  pharynx, 
the  choanae  or  posterior  nares.  Each  fossa  has  a  roof,  a  floor,  a  lateral  and  medial 
wall. 

The  medial  wall  (fig.  767)  separates  the  two  fossse.  Its  framework  is  formed  by 
the  vertical  median  nasal  septum,  which  is  composed  of  the  osseous  septum  superiorly, 
the  cartilaginous  septum  intermediately,  and  of  the  membranous  or  mobile  septum 
inferiorly.  As  already  noted,  the  septum  is  usually  deflected  to  one  side  or  the  other. 
In  the  septum,  upon  each  side,  just  superior  to  the  nasal  spines  of  the  maxillse, 
there  is  frequently  a  minute  opening  leading  superiorly  and  dorsally  and  ending 
in  a  blind  pouch.  This  cavity  is  closely  related  to  the  vomero-nasal  cartilage 
and  is  a  rudimentary  representative  of  the  vomero-nasal  organ  (organ  of  Jacobson), 
which  in  some  animals  is  well  developed  and  receives  a  branch  of  the  olfactory 
nerve.  Inferior  and  dorsal  to  its  opening  another  small  opening  is  often  seen 
on  the  floor  of  the  nasal  fossa.  This  is  the  mouth  of  the  incisive  duct,  which  leads 
into  the  incisive  canal  for  a  greater  or  less  distance  and  may  even  extend  to  the 
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mouth,  where  its  termination  is  marked  by  the  incisive  papilla.  The  incisive  duct 
indicates  the  position  of  the  passage  which  originally  connected  the  mouth  and  nose. 

The  lateral  wall  (fig.  769)  presents  just  within  the  nares  a  slight  depression,  the 
vestibule.  This  corresponds  to  the  expansion  of  the  ala,  and  is  marked  off  from  the 
rest  of  the  nasal  fossa  by  a  distinct  ridge,  the  limen  nasi.  The  area  immediately 
superior  and  dorsal  to  the  vestibule  is  separated  into  two  shallow  depressions  by  an 
oblique  ridge,  the  agger  nasi,  the  ventral  depression  being  the  sulcus  olfactorius 
which  leads  to  the  olfactory  region  in  the  superior  and  dorsal  part  of  the  nasal  fossa, 
while  the  area  inferior  and  dorsal  to  the  agger  is  the  atrium  of  the  middle  meatus. 
This  is  bounded  dorsally  by  the  ventral  vertical  border  of  the  middle  nasal  concha 
(middle  turbinate  bone),  beneath  which  it  is  continued  into  the  middle  meatus.  On 
the  dorsal  part  of  the  lateral  wall  are  the  superior,  middle,  and  inferior  conchse 
(turbinate  bones),  covering  respectively  the  superior,  middle,  and  inferior  meat- 
uses. The  superior  concha  is  occasionally  divided  into  two  or  three  parts,  and  pos- 
terior and  superior  to  it  is  a  depression,  the  spheno-ethmoidal  recess,  which  leads 
to  the  opening  into  the  sphenoidal  sinus. 

The  superior  meatus  is  the  smallest  of  the  three.    It  has  but  a  single  opening, 

Fig.  769. — The  Left  Wall  of  the  Nasal  Cavity  showing  the  Conch.e  and  Meatuses, 
with  the  Openings  in  Dotted  Outline. 

Frontal  sinus 
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which  leads  into  the  posterior  ethmoidal  cells.  The  spheno-palatine  foramen,  which 
communicates  with  the  meatus  in  the  dry  skull,  is  entirely  covered  up  by  mucous 
membrane. 

The  middle  meatus  is  a  much  larger  passage.  Upon  its  lateral  wall  is  a  rounded 
eminence,  the  ethmoidal  bulla,  caused  by  the  middle  ethmoidal  cells  and  perforated 
by  the  opening  into  them.  Ventral  and  inferior  to  this  is  a  deep  curved  groove,  the 
hiatus  semilunaris,  which  is  continued  superiorly  by  the  infundibulum  into  the 
frontal  sinus.  It  also  receives  the  openings  of  the  anterior  ethmoidal  cells  and  the 
maxillary  sinus  (antrum).  Posterior  to  the  semilunar  hiatus  an  accessory  opening 
into  the  maxillary  sinus  is  often  seen. 

The  inferior  meatus  is  the  longest  of  the  three.  Ventrally,  just  inferior  to  the 
attachment  of  the  inferior  concha  (turbinate  bone),  is  the  slit-like  opening  of  the 
naso-lachrymal  (nasal)  duct,  around  the  opening  of  which  the  mucous  membrane 
forms  a  valve,  the  plica  lachrymalis  (Hasneri). 

The  common  meatus  is  the  space  between  the  nasal  concha*  and  the  septum, 
and  extends  from  the  floor  to  the  roof  of  the  nasal  fossa.    The  dorsal  portion  of  the 
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nasal  fossa,  situated  between  the  dorsal  extremities  of  the  middle  and  inferior  conchse 
(turbinate  bones)  and  the  anterior  lip  of  the  pharyngeal  orifice  of  the  tuba  auditiva 
(Eustachian  tube),  is  known  as  the  naso-pharyngeal  meatus. 

The  nasal  mucous  membrane  (the  pituitary  or  Schneiderian  membrane). — The 
nasal  cavity  is  completely  lined  with  mucous  membrane,  which  ventrally,  at  the 
limen,  blends  with  the  skin  which  lines  this  part  of  the  vestibule  (p.  1070).  Dorsally 
it  joins  the  mucous  membrane  of  the  pharynx  and  palate.  It  covers  up  some  of 
the  openings  which  are  seen  in  the  bony  walls;  those,  however,  which  lead  into  the 
air-sinuses  and  into  the  naso-lachrymal  duct  remain  patent,  although  the  bony  open- 
ings are  much  reduced  in  size.  In  the  nasal  cavity  proper  the  bright  rose-red  vascu- 
lar mucous  membrane  is  tightly  bound  to  the  periosteum  and  perichondrium,  and 
is  covered  with  a  ciliated  columnar  epithelium.  Numerous  large  mucous  nasal 
glands  pour  their  more  or  less  watery  secretion  over  the  entire  surface,  and  form 
in  the  submucous  stratum  a  layer  of  considerable  thickness.  Here,  also,  a  very  con- 
siderable venous  plexus  is  found,  especially  over  the  middle  and  inferior  conchse  (tur- 

Fig.  770. — Transverse  Section  through  the  Nasal  Fossae  and  Maxillary  Sinus  at 
the  Dorsal  Extremity  of  the  Middle  Concha.    (Ventral  view.) 


binate  bones),  where  it  forms  the  cavernous  plexus  of  the  conchas.  The  thickness 
which  these  glands  and  venous  plexuses  give  to  the  mucous  membrane  causes  the 
air-spaces  of  the  bony  fossae  to  be  much  contracted  in  the  recent  state,  and  in  children 
a  considerable 'amount  of  adenoid  tissue  is  also  found  in  the  submucous  layer.  The 
region  covered  by  the  mucous  membrane  just  described  forms  the  greater  part  of 
the  nasal  cavity,  and  is  known  as  the  respiratory  region.  A  small  area  of  the  mucous 
membrane  over  the  superior  concha  and  the  adjacent  septal  wall  (fig.  772)  has  a  some- 
what different  structure.  In  this  area  the  olfactory  nerves  terminate,  whence  it  is 
known  as  the  olfactory  region,  and  its  mucous  membrane,  compared  with  that  of 
the  respiratory  region,  is  less  vascular,  yellow  or  yellowish-brown  in  colour,  and  covered 
by  a  non-ciliated  epithelium.  It  contains  specially  modified  cells,  which  form  the 
true  olfactory  organ  and  receive  the  terminations  of  the  olfactory  nerve.  Small 
mucous  olfactory  glands  occur  in  the  region.  The  paranasal  sinuses  or  accessory 
cavities  which  connect  with  the  nasal  cavity  are:  the  maxillary  sinuses  (antra  of 
Highmore),  the  sphenoidal  sinuses,  the  frontal  sinuses,  and  the  ethmoidal  cells, 
and  have  been  described  in  the  section  on  Osteology.    The  mucous  membrane 
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which  lines  the  paranasal  sinuses  throughout  is  a  continuation  of  the  nasal  mucosa ;  it 
is,  however,  paler,  less  vascular,  somewhat  thinner,  and  more  loosely  attached  to 
the  bones. 

Vessels  and  nerves. — The  arteries  of  each  nasal  fossa  are  the  spheno-palatine  artery  from 
the  internal  maxillary  (p.  532),  the  anterior  and  posterior  ethmoidal  arteries  from  the  ophthalmic 


Fig.  771. — Lateral  Wall  of  the  Nose,  showing  Orifices  of  Accessory  Cavities.  (Deaver.) 
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Sphenoidal  sinus 

Diaphragma  sellae 
Sella  turcica 


Cut  surface  of  middle  concha  / 

Hiatus  semilunaris 

Probe  in  naso-lachrymal  duct 
Accessory  opening  of  maxillary  sinus 


Inferior  Pharyngeal  ostium  of 

meatus  tuba  auditiva 

|      Inferior  nasal  concha 
Middle  meatus 

Middle  nasal  concha  (cut) 
ifrobe  in  opening  of  maxillary  sinus 


(p.  537),  and  the  descending  palatine  artery  from  the  internal  maxillary  (p.  531).  The  venous 
plexuses  of  the  mucous  membrane  are  drained  posteriorly  by  the  spheno-palatine  to  join  the 
pterygoid  plexus,  superiorly  by  the  anterior  and  posterior  ethmoidal  veins  to  join  the  superior 
ophthalmic  vein,  and  anteriorly  by  small  branches  to  join  the  facial.  The  lymphatics  form  a  'well- 
developed  plexus  which  communicates,  through  the  lymphatics  surrounding  the  olfactory  nerves, 


with  the  subdural  and  subarachnoid  space  within  the  cranial  cavity.  Posteriorly  two  or  more 
well-developed  trunks  communicate  with  the  pharyngeal  lymphatics,  and  anteriorly  the  nasal 
lymphatics  join  with  the  lymphatics  of  the  face.  The  olfactory  nerves  pass  through  the  cribri- 
form plate  of  the  ethmoid  bone  and  are  distributed  to  the  olfactory  area  (p.  959).  The  fifth 
cranial  nerve  furnishes  the  following  branches  to  each  nasal  fossa: — branches  from  the  naso-ciliary 
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(nasal)  branch  of  the  ophthalmic  nerve;  the  Vidian  nerve;  the  posterior  superior  and  posterior 
inferior  nasal  and  the  anterior  palatine  from  the  spheno-palatine  ganglion  (p.  972);  the  anterior 
superior  alveolar  from  the  infra-orbital  division  of  the  maxillary  nerve  (p.  968). 

The  development  of  the  nose. — The  nasal  cavity  makes  its  appearance  as  a  depression  of 
the  ectoderm  on  either  side  of  the  median  line,  immediately  in  front  of  the  oval  fossa,  with  which 
the  depressions  are  at  first  continuous.  Later,  by  the  union  of  the  maxillary  and  globular  proc- 
esses (see  p.  1076),  the  depressions  are  separated  from  the  anterior  part  of  the  oral  fossa,  and  this 
separation  is  continued  by  the  formation  of  the  palatal  processes  of  the  maxilla?  and  palatine 
bones,  so  that  finally  the  nasal  cavities  communicate  posteriorly  only  with  the  pharynx. 

The  cartilage  which  forms  the  lateral  walls  of  the  nasal  fossa?  is  at  first  quite  smooth,  but 
later  it  becomes  eroded  by  absorption,  whereby  the  nasal  concha?  are  formed.  The  erosion  also 
extends  into  the  neighbouring  bones,  the  frontal,  sphenoidal,  and  maxillary  sinuses,  and  the 
ethmoidal  cells,  being  formed  in  this  manner,  and  being,  accordingly,  lined  by  mucous  membrane 
continuous  with  that  of  the  nasal  cavities. 
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A 

Abdomen,  lateral  cutaneous  nerves  of,  933 
Abdominal  aortic  plexus  of  nerves,  1015 

branches  of  tenth  cranial  nerve,  986 
Abducens,  778,  974 

nucleus  of,  808 
Abduction  of  eye,  1037 
Aberrant  spinal  ganglia,  902 
Abnormal  course  of  phrenic  nerve,  919 
Accessory  lemniscus  of  Bechterew,  865 

obturator  nerve,  943 

olivary  nuclei,  801 

(superior)  portion  of  eleventh  cranial  nerve, 
986 

Acervulus  cerebri,  825 
Acoustic  (auditory)  nerve,  778,  979,  1061 
nuclei  of,  805 

meatus,  external,  1051 

reflex  path,  optic,  772 
Action  of  ocular  muscles,  1036 
Adduction  of  eye,  1037 
Adductor  magnus,  nerves  to,  948 
Afferent  nerve-fibres,  747 

splanchnic  fibres,  906,  1001 

sympathetic  fibres,  907 
Agger  nasi,  1071 

Ala  cinerea  (trigonum  vagi),  796 

nucleus  of,  805 
Alae  nasi,  1067 

Alar  (lower  lateral)  nasal  cartilages,  greater, 
1068 
lesser,  1069 
Alveolar  (dental)  nerves,  967 
inferior,  970 
superior,  967 
Alveus,  855 

of  limbic  lobe,  847 
Ampullae,  membranous,  1059 
Ampullar  branches  of  vestibular  ganglion,  980 
Ampullary  crista,  1059 

sulcus,  1059 
Amygdala  of  cerebellum,  790 
Amygdaloid  nucleus,  858 

of  lateral  ventricle,  854 
Amyloid  tubercle  of  lateral  ventricle,  854 
Anastomotic  branch  of  seventh  (facial)  nerve, 
977 

ulnar,  of  superficial  radial  nerve,  924 
Anatomical   evidence   regarding  fasciculi  of 

spinal  cord,  766 
Anatomy  of  fourth  ventricle,  794 
Anconeus,  nerves  to,  922 
Andersen,  ganglion  of,  981 
Angle,  cephalo-auricular,  1050 

of  fissure  of  Rolando,  839 

of  tympanic  membrane,  1052 
Angular  gyrus,  842 
Ankle,  nerves  of,  949 
Annectant  gyrus,  deep,  840,  843 
Annulus   tendineus   communis    (ligament  of 
Zinn),  1034 

of  tympanic  membrane,  1053 
Ano-coccygeal  nerves,  957 
Ansa  hypoglossi,  915,  989 


Qsa  lenticularis.  858 
subclavia  (ansa  Vieussenii),  1006 
nterior  ascending  ramus  of  fissure  of  Sylvius, 
836 

auricular  branches  of  auriculo-temporal  nerve, 
972 

branch  of  internal  cutaneous  nerve  of  thigh, 
940 

of  last  thoracic  nerve,  933 
of  lateral  antibrachial  cutaneous  nerve, 
924 

of  lateral  cutaneous  nerve,  938 

of  medial  antibrachial  (internal)  cutaneous 
nerve,  920 

of  obturator  nerve,  942 

of  right  phrenic  nerve,  916 

of  thoracic  nerves,  905,  932 

of  thoraco-abdominal  nerves,  933 
bronchial   (pulmonary)   branches  of  tenth 

cranial  nerve,  985 
central  gyrus  (ascending  frontal  convolution), 
837 

vein  of  spinal  cord,  775 

ciliary  arteries,  1032 
veins,  1032 

commissure  of  brain,  827,  850,  866 

cornu  of  lateral  ventricle,  852 

(right)  coronary  plexus,  1013 

crural  nerve,  938 

cuneo-lingual  gyrus,  843 

cutaneous  (hypogastric)  branch  of  ilio-hypo- 
gastric  nerve,  936 
nerves  of  abdomen,  933 

of  thigh,  middle  and  internal,  938 

deep  temporal  nerve,  969 

divisions  of  terminal  nerves,  936 

elastic  lamina  of  cornea  (Bowman's  mem- 
brane), 1026 

ethmoidal  nerve,  966 
branches,  966 

funiculus  of  spinal  cord,  761,  771 

gastric  plexus,  986 

hemisphere  of  eyeball,  1024 

horizontal  ramus  of  fissure  of  Sylvius,  836 

incisure  of  auricle,  1049 

interosseous  nerve,  928 

labial  nerves,  937 

lamina  of  orbital  fascia,  1039 

ligament  of  auricle  (of  ear),  1051 

lingual  glands,  1064 

lymph  spaces  of  eye,  1032 

marginal  fasciculus  (vestibulo-spinal  tract, 
Loewenthal's  tract),  771 

median  fissure  of  spinal  cord,  761 

medullary  velum,  789,  793,  795 

nucleus  of  thalamus,  824,  860 

oesophageal  plexus,  983 

orbital  gyrus,  838 

palatine  nerve,  973 

parolfactory  sulcus,  845 

perforated  substance,  777,  827,  845 

pillars  (columns)  of  fornix,  849 

pole  of  eyeball,  1023 

portion  of  fourth  ventricle,  794 
of  mandibular  nerve,  969 
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Anterior  primary  division  of  cervical  nerves,  911 
of  lumbar  nerves,  935 
of  sacral  nerves,  944 
of  spinal  nerve-trunks,  904,  905,  910 

nerve-branches,  905 
of  thoracic  nerves,  931 
pulmonary  plexus,  986 
pyramidal  tract  (direct),  771 
recess  of  interpeduncular  fossa,  815 
root  zone  of  posterior  column,  768 
scrotal  nerves,  937 
semilunar  fissure  of  cerebellum,  788 

lobe  of  cerebellum,  788 
spinal  artery,  775 

superior  alveolar  (dental)  nerve,  968 
supra-clavicular  branches  of  cervical  plexus, 
915 

thoracic  nerve,  external,  920 

internal,  920 
tibial  nerve,  954 
tubercle  of  thalamus,  859 
white  commissure  of  spinal  cord,  762 
Antero-intermediate  sulcus  of  spinal  cord,  761 
Antero-lateral  group  of  central  or  ganglionic 
arteries  of  cerebrum,  879 
sulcus  of  medulla  oblongata,  783 
of  spinal  cord,  761 
Antero-mesial  group  of  central  or  ganglionic 

arteries  of  cerebrum,  879 
Anthelix,  1049 

Antibrachial  cutaneous  branch  (external),  dor- 
sal, of  radial  nerve,  922 
nerve  (internal),  medial,  920 
lateral,  924 

Antitragic  incisure,  1049 

Anti-tragicus,  1051 

Antitrago-helicine  fissure,  1050 

Antitragus,  1049 

Aortic  branches  of  thoracic  ganglia,  1009 

Aortico-renal  ganglion,  1015 

Apertures,  lateral,  of  fourth  ventricle,  795 

medial,  of  fourth  ventricle,  795 

palpebral,  1019 
Apex  of  dorsal  horn  of  spinal  cord,  762 

of  nose,  1067 
Apparatus,  lachrymal,  1047 
Aquseductus  cerebri  (Sylvii),  794,  814 
Aqueous  humor,  1030 

Arachnoid  granulations  (Pacchionian  bodies), 
892 

membrane,  891 
cranial,  891 
spinal,  758,  893 
sheath  of  optic  nerve,  1040 
Arbor  vita?  of  cerebellum,  791 
Arch,  parieto-occipital,  841 
Arcs,  reflex,  767 

Arcuate  fibres  of  medulla  oblongata,  801 
external,  784 
internal,  799 
Area  acustica,  797 

auditory  (cochlear),  of  cerebral  cortex,  869 
of  Broca  (area  parolfactoria),  777 
gustatory  of  cerebral  cortex,  869 
olfactory,  of  cerebral  cortex,  869 
orbital,  830 

postrema  of  Retzius,  796 
somaesthetic,  of  cerebral  cortex,  868 
surface,  of  telencephalon,  833 
tentorial,  830 

vesical,  of  cerebral  cortex,  868 
Areas,  cutaneous,  of  face,  989 
of  lower  extremity,  995 
of  neck,  991 
of  pinna,  991 
of  scalp,  989 
of  trunk,  991 
of  upper  limb,  994 
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Areas  of  distribution  of  spinal  nerves,  907 

functional,  of  cerebral  cortex,  868 
Arm,  nerves  of,  920 
Arnold's  bundle,  814,  866 

ganglion,  974 

nerve,  984 
Arrangement  of  orbital  contents,  1033 
Arteria  centralis  retina?,  1031 

chorioidea,  879 
Arteries,  anterior  ciliary,  1032 

of  auricle- (of  ear),  1051 

of  brain,  879 

central  or  ganglionic,  879 
of  cerebellum,  880 
of  cerebral  peduncles,  880 
cortical  cerebral,  880 

of  external  acoustic  (auditory)  meatus,  1052 

external  striate,  879 

of  eyeball,  1023 

of  internal  ear,  1061 

internal  striate,  879 

lingual,  1066 

long  posterior  ciliary,  1031 
meningeal,  890 
of  mesencephalon,  880 
of  nose,  1070.  1073 
of  orbit  „1042 
peduncular,  880 
of  pons,  880 
posterior  spinal,  775 
of  quadrigeminate  bodies,  880 
short  posterior  ciliary,  1031 
of  tympanic  cavity,  1056 
Artery,  anterior  spinal,  775 

of  cerebral  hemorrhage  (Charcot),  880 
infraorbital,  1042 
ophthalmic,  1042 
Articular  branches  of  common  peroneal  (exter- 
nal popliteal)  nerve,  952 
of  deep  peroneal  (anterior  tibial)  nerve,  954 
of  lateral  plantar  nerve,  952 
of  medial  plantar  nerve,  950 
of  obturator  nerve,  942,  943 
of  tibial  (internal  popliteal)  nerve,  949 
nerve,  recurrent,  of  leg,  954 
Articularis  genu  (subcrureus) ,  nerve  to,  941 
Articulations  of  ossicles  of  ear,  1054 
Ascending  branches  of  cervical  plexus,  912 

of  spheno-palatine  (Meckel's)  ganglion,  973 
of  superior  cervical  ganglion  of  sympa- 
thetic, 1005 
cerebellar  pathway,  terminal,  864 
frontal  convolution,  837 
parietal  gyrus,  840 

projection  fibres  of  telencephalon,  864 
ramus  of  fissure  of  Sylvius,  anterior,  836 
Associate  axones  of  white  substance  of  spinal 
cord,  766 

Association  centres  of  cerebral  cortex,  869 
fibres  of  white  substance  of  spinal  cord,  766 
system,  cingulum  (girdle),  867 
librae  propria?,  867 
of  hemisphere,  866 

uncinate  fasciculus,  867 
inferior  longitudinal  fasciculus,  867 
longitudinal  stria?  of  corpus  callosum,  867 
occipitofrontal  fasciculus,  868 
olfactory  tract,  868 
stria?  terminalis  of  thalamus,  86S 
superior  longitudinal  fasciculus,  867 
Associational  proper  axones,  763 
Atrial  plexus,  1013 
Atrium  of  middle  nasal  meatus,  1071 
Attachments  of  spinal  dura  mater,  882 
of  spinal  nerves,  901 
topography  of,  903 
Attic  of  middle  ear,  1053 

Auditory  (cochlear)  area  of  central  cortex,  869 
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Auditory  conduction  paths,  874 
organ,  1049 

pathway,  termination  of,  864 
Auerbach,  plexus  of,  1016 
Auricle  of  ear,  1049 
blood-vessels,  1051 
lymphatics,  1051 
nerves,  1051 
structure,  1050 
variations,  1051 
Auricular  branches,  anterior,  of  auriculo-tem- 
poral  nerve,  972 
of  great  auricular  nerve,  914 
of  small  occipital  nerve,  913 
of  tenth  nerve,  984 
cartilage,  1050 
nerve,  great,  913 
posterior,  977 
sulcus,  posterior,  1050 
tubercle  (tubercle  of  Darwin),  1050 
Auriculo-temporal  nerve,  971 
branches,  971 
communications,  971 
course,  971 
Axes  of  rotation  of  eye,  1036 
Axillary  (circumflex)  nerve,  921 
branches,  921 
course,  921 
origin,  921 
Axis  of  nervous  system,  747 

sagittal,  of  eyeball,  1023 
Axones,  750 

of  anterior  marginal  fasciculus,  771 
associate,  of  white  substance  of  spinal  cord, 
766 

associational  proper,  763 

branches  of,  750 

of  cerebellar  cortex,  791 

commissural,  763 

of  intermediate  fasciculus,  771 

medullated,  750 

non-medullated,  751 

of  spinal  cord,  763 

of  trigeminus  nerve,  810 

of  white  substance  of  spinal  cord,  766 


B 

Baillarger,  stripes  of,  856 

Bands,  furrowed,  of  uvula  of  vermis,  790 

Basal  ganglia,  856 

(vitreous)  lamina  of  chorioid,  1026 

surface  of  cerebral  hemisphere,  830 
of  diencephalon,  823 
Base  of  encephalon,  777 

of  nose,  1067 
Basilar  part  of  pons,  810 

sulcus  of  pons,  787 
Basis  (pes)  pedunculi,  821 
Bechterew's  accessory  lemniscus,  865 

bundle,  770 

nucleus  of  vestibular  nerve,  805 
Bell,  external  respiratory  nerve  of,  919 
Biceps  (thigh),  nerves  to,  948 
Biventral  lobe  of  cerebellum,  789 
Bladder,  nerves  of,  956 
Blandin,  glands  of,  1064 
Blood-supply  of  arachnoid,  893 

of  cerebrum,  879 

of  encephalon,  879 

of  spinal  cord,  775 
Blood-vessels  of  brain,  nerve-supply  of,  882 

of  cerebellum,  880 

ciliary,  1031 

of  dura  mater,  885,  890 

of  eyeball,  1031 

of  eyelids,  1046 

of  medulla  oblongata,  881 


Blood-vessels  of  mesencephalon,  880 

of  orbit  ,  1042 

of  pons,  880 

retinal,  1031 
Bochdalek,  ganglion  of,  968 
Bodies,  geniculate,  814,  823,  825 

mammillary,  777 

Nissl,  751 

Pacchionian,  892 

superior  quadngeminate,  821 
Body,  ciliary,  1026 

of  corpus  callosum,  831,  866 

of  fornix,  848 

inferior  quadrigeminate,  819 

(central  portion)  of  lateral  ventricles,  852 

of  Luys,  861 

pineal,  779,  814,  825 

pituitary,  828 

restiform,  778,  784 

of  medulla  oblongata,  793 
in  pons,  811 

superior  quadrigeminate,  807 
Bones  of  middle  ear,  1054 
Borders,  infero-lateral,  of  cerebrum,  830 

internal  occipital,  830 

internal  orbital,  830 

of  septal  nasal  cartilage,  1069 

superciliary,  830 

supramesial,  of  cerebral  hemisphere,  830 
Bowman's  membrane,  1026 
Brachia  conjunctiva  (superior  cerebellar  pedun- 
cles), 812,  821 
Brachial  (internal)  cutaneous  branch,  posterior, 

of  radial  nerve,  922 
cutaneous  nerve,  lateral,  921 

medial,  920 
plexus,  905,  917 

branches,  919 

cords  of,  917 

nerves  forming,  917 

portions  of,  919 

relations  of,  918 

situation  of,  917 

terminal  branches  of,  921 
Brachium  conjunctivum,  793 
inferior,  814,  819 
ponti's,  786,  793 
superior,  814 
Brain  (encephalon),  776 

anterior  perforated  substance  of,  777 

area  of  Broca,  777 

base  of,  777 

blood-supply  of,  879 

convex  surface  of,  776 

convolutions  of,  777 

corpora  quadrigemina,  779 

corpus  callosum  of,  777 

cranial  nerves  of,  777,  957 

development  of,  753,  779 

divisions  of,  779 

dura  mater  of,  885 

eighth  cranial  nerve,  778,  979 

eleventh  cranial  nerve,  778,  986 

fifth  cranial  nerve,  778,  963 

first  cranial  nerve,  777,  959 

fissures  of,  777 

foramen  of  Magendie,  779 

fore,  823 

fourth  cranial  nerve,  777,  962 

fourth  ventricle,  779 

general  topography  of,  776 

great  longitudinal  fissure  of,  776 

gyri  cerebri,  777 

hind,  787 

hypophysis,  777 

inferior  cerebellar  peduncle,  778 

infundibulum,  777,  828 

interpeduncular  fossa  of,  777 
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Brain,  island  of  Reil,  777 

lateral  cerebral  fissure  (fissure  of  Sylvius),  777 
lateral  ventricles  of,  851 
lobes  of,  777 

mammillary  bodies  (corpora  albicantia)  of, 

777,  823 
medulla  oblongata,  778,  782 
mid,  814 

nerve-supply  of  blood-vessels  of,  882 
ninth  cranial  nerve,  778,  980 
oculomotor  nerves,  777,  961 
olfactory  lobe,  844 
nerves,  777,  959 
optic  nerves,  777,  959 
peduncles  of  cerebrum,  777 
pineal  body,  779 
pituitary  body,  828 
poles  of,  776 
pons  Varolii,  777 

posterior  perforated  substance,  777 
relations  of,  to  walls  of  cranial  cavity,  876 
restiform  body,  778 
rhombencephalon,  782 
sand,  825 

second  cranial  nerve,  777,  959 
seventh  cranial  nerve,  778,  975 
sixth  cranial  nerve,  778,  974 
specific  gravity  of,  778 
sulci  of,  777 
surfaces  of,  776 
tenth  cranial  nerve,  778,  982 
trochlear  nerves,  777,  962 
tuber  cinereum,  777 
twelfth  cranial  nerve,  779,  987 
veins  of,  879 
velum  interpositum,  779 
ventral  suface  of,  815 
weight  of,  776 
Branches  of  anterior  division  of  obturator  nerve, 
942 

of  anterior  ethmoidal  nerve,  966 
of  anterior  primary  divisions  of  spinal  nerve- 
trunks,  905 
ascending,  of  cervical  plexus,  912 
of  auriculo-temporal  nerve,  971 
of  axillary  (circumflex)  nerve,  921 
of  axones,  750 

of  cardiac  plexus  of  nerves,  1013 
of  cavernous  plexus  of  nerves,  1005 
of  cervico-facial  nerve,  978 
of  chorda  tympani,  977 
of  ciliary  ganglion,  972 
of  cceliac  plexus,  1015 

of   common  peroneal    (external  popliteal) 
nerve,  952 

deep,  of  cervical  plexus,  915 

peroneal  (anterior  tibial)  nerve,  954 
radial  (posterior  interosseous)  nerve,  923 
terminal,    of    femoral    (anterior  crural) 
nerve,  941 

descending,  of  cervical  plexus,  915 

of  dorsal  antibrachial  (external)  cutaneous 
nerve,  922 

of  eleventh  cranial  nerve,  987 

of  femoral  (anterior  crural)  nerve,  938 

of  fifth  cranial  nerve  (trigeminal  nerve),  964 

of  first  thoracic  nerve,  931 

of  fissure  of  Sylvius,  835 

of  frontal  nerve,  964 

of  genito-femoral  (genito-crural)  nerve,  938 
of  great  auricular  nerve,  914 
of  ilio-hypogastric  nerve,  936 
of  ilio-inguinal  nerve,  937 
of  inferior  alveolar  (dental)  nerve,  971 
of  inferior  cervical  ganglion  of  sympathetic, 
1007 

of  infra-clavicular  portion  of  brachial  plexus, 
919 


Branches  of  infra-orbital  nerve,  968 
of  infratrochlear  nerve,  966 
of  internal  cutaneous  nerve  of  thigh,  939 
of  lachrymal  nerve,  965 
of  last  thoracic  nerve,  933 
of  lateral  antibrachial  cutaneous  nerve,  924 

cutaneous  nerve,  938 

plantar  nerve,  952 
of  lingual  nerve,  970 

of  long  thoracic  nerve  (external  respiratory 

nerve  of  Bell),  919 
of  lumbar  plexus,  936 

of  lumbar  portion  of  sympathetic  system, 
1010 

of  mandibular  nerve,  969 
of  maxillary  nerve,  967 

of  medial  antibrachial   (internal)  cutaneous 

nerve,  920 
of  medial  plantar  nerve,  949 
of  median  nerve,  928 
of  mental  nerve,  971 

of  middle  cervical  ganglion  of  sympathetic, 
1007 

of  middle  cutaneous  nerve  of  thigh,  939 

of  musculo-cutaneous  nerve,  924 

of  naso-ciliary  (nasal)  nerve,  966 

of  obturator  nerve,  942 

of  ophthalmic  nerve,  964 

of  otic  (Arnold's)  ganglion,  974 

of  perineal  nerve,  956 

of  petrous  ganglion,  981 

of  phrenic  nerve,  916 

of  posterior  auricular  nerve,  977 
division  of  obturator  nerve,  942 
femoral  cutaneous  (small  sciatic)  nerve, 
947 

primary  divisions  of  lumbar  nerves,  909 
of  sacral  nerves,  910 
of  second  cervical  nerve,  908 
of  spinal  nerve-trunks,  905 
of  third,  fourth,  and  fifth  cervical 

nerves,  908 
of  thoracic  nerves,  908 
of  radial  (musculo-spiral)  nerve,  922 
of  recurrent   (inferior   or   recurrent  laryn- 
geal) nerve,  985 
of  sacral  plexus,  945 

portion  of  sympathetic  system,  1010 
of  saphenous  nerve,  941 
of  sciatic  nerve,  948 
of  second  intercostal  nerve,  931 
of  seventh  (facial)  nerve,  976 
of  sixth  cranial  nerve  (abducens),  975 
of  small  occipital  nerve,  913 
of  spheno-palatine  (Meckel's)  ganglion,  973 
of  submaxillary  ganglion,  974 
of  superficial  cervical  cutaneous  nerve,  915 
cervical  plexus,  912 

peroneal  (musculo-cutaneous)  nerve,  954 

radial  (radial)  nerve,  924 
of  superior  cervical  ganglion,  1006 

dental  plexus,  968 

gluteal  nerve,  946 

laryngeal  nerve,  985 
of  supra-clavicular  portion  of  brachial  plexus, 

919 

of  cervical  plexus,  915 
of  suprascapular  nerve,  919 
of  sural  (external  or  short  saphenous)  nerve, 
953 

of  tenth  nerve  (vagus  or  pneumogastric),  982 

terminal,  of  brachial  plexus,  921 

of  third  pair  of  cranial  nerves  (oculo-motor 

nerves),  962 
of  thsracic  intercostal  nerves,  932 

nerves,  931 

portion  of  sympathetic  system,  1009 
of  thoracoabdominal  nerves,  933 


INDEX  TO  PART  III 


1079 


Branches  of  tibial  nerve,  948,  949 
transverse,  of  cervical  plexus,  914 
of  twelfth  cranial  nerve  (hypoglossus),  988 
from  tympanic  plexus,  981 
ulnar  nerve,  926 
vestibular  ganglion,  980 
visceral,  of  spinal  nerves,  910 

Broca's  area,  777,  845 
convolution,  838 

Bronchial  (pulmonary)  branches  of  tenth  cra- 
nial nerve,  985 

Bruch,  membrane  of,  1026 

Buccal  branches  of  cervico-facial  nerve,  979 
nerve,  long,  969 

Buccinator  (long  buccal)  nerve,  969 

Bulla,  ethmoidal,  1071 

Bulb  of  posterior  cornu  of  lateral  ventricle,  854 

olfactory,  777,  844 
Bulbar  plexus,  1013 
Bundle,  Arnold's,  814 

commissural,  772 

Hehveg's  (Bechterew's),  770 

posterior  longitudinal,  800 

Turk's,  866 

of  Vicq  d'Azyr,  849 
Burdach's  column  of  spinal  cord,  767 

C 

Cacuminis  of  cerebellum,  789 
Caecum,  cupular,  1060 

vestibular,  1060 
Calamus  scriptorius,  779,  784,  796 
Calcaneal  branches,  lateral,  of  sural  nerve,  953 

nerves,  medial,  949 
Calcaneo-plantar  cutaneous  nerves,  949 
Calcar  avis  (hippocampus  minor),  843,  847,  854 
Calcarine  fissure,  843 
Caliculi  gustatoria,  1064 
Calloso-marginal  fissure,  837,  838 
Canal,  central,  of  medulla  oblongata,  802 
of  spinal  cord,  762 
of  Cloquet,  1030 
hyaloid,  1030 
lachrymal,  1048 
of  Petit,  1029 
of  Schlemm,  1025 
Canaliculi,  lachrymal,  1047 
Canals,  semicircular,  1057 
Canthus,  inner,  1019 

outer,  1019 
Capsule,  external  (telencephalon),  858,  864 
internal  (telencephalon),  832,  856,  863 
Tenon's,  1041 
Caput  of  dorsal  horn  of  spinal  cord,  762 
Cardiac  branches  of  tenth  nerve  (vagus  or  pneu- 
mogastric),  985 
ganglion  (ganglion  of  Wrisberg),  1013 
nerve,  inferior,  1007 
middle,  1007 
superior  cervical,  1006 
plexus  of  nerves,  1013 
branches,  1013 
embryonal,  1013 
situation,  1013 
Carotico-tympanic   branches   from  tympanic 

plexus,  981 
Carotid  nerves,  external,  1006 
internal,  1005 
plexus  of  nerves,  common,  1006 
external,  1006 
internal,  1005 
(anterior)  wall  of  tympanic  cavity,  1054 
Cartilage,  auricular,  1050 
of  eyelids,  1045 
nasal,  1068 
vomero-nasal,  1069 
Cartilaginous  nasal  septum,  1069 


Cartilaginous    portion   of    external  acoustic 
(auditory)  meatus,  1051 
of  tuba  auditiva,  1057 
Caruncle,  lachrymal,  1020,  1022 

sublingual,  1063 
Cauda  equina,  758,  903 

helicis,  1050 
Caudate  nucleus,  855,  857 
Cavernous  nerves  of  clitoris,  1018 
of  penis,  1018 

plexus  of  nasal  conchae,  1072 
of  nerves,  1005 
Caves,  Meckel's,  889 
Cavity,  epidural,  883 

nasal,  1070 

of  orbit,  1033 

septum  pellucidum,  850 

sub-arachnoid,  882 

subdural,  882,  885,  887,  891 

tympanic,  1053 
Cavum  conchae,  1049 

Cell-bodies  of  ventral  horn  of  spinal  cord,  763 
Cell-element  of  nervous  system,  749 
Cellifugal  processes  of  neurone,  750 
Cellipetal  processes  of  neurone,  750 
Cells,  ependymal,  753 

of  Golgi,  in  cerebellum,  792 
of  Purkinje,  971 
Central  (ganglionic)  arteries  of  cerebrum,  879 
medulla  oblongata,  881 
canal  of  medulla  oblongata,  802 

of  spinal  cord,  762 
connections  of  cranial  nerves,  803 
eleventh  cranial  nerve,  987 
fifth  cranial  (trigeminal)  nerve,  964 
fourth  pair  of  cranial  nerves  (trochlear 

nerves),  963 
ninth  nerve  (glosso-pharyngeal) ,  982 
olfactory  nerves,  959 
optic  nerve,  961 
seventh  (facial)  nerve,  979 
sixth  nerve,  975 
tenth  cranial  nerve,  986 
third  pair  of  cranial  nerves  (oculo-motor 

nerves),  962 
twelfth  cranial  (hypoglossus)  nerve,  989 
vestibular  ganglion,  805,  806,  980 
connective  tissue  of  eyelids,  1045 
gelatinous  substance  of  medulla  oblongata,  802 

substance  of  spinal  cord,  762 
grey  substance  of  mesencephalon,  816 
gyrus,  anterior  (ascending  frontal  convolu- 
tion), 837 
posterior  (ascending  parietal),  840 
lobe  or  insula,  836 
lobule  of  cerebellum,  789 
nervous  system,  749,  756 
portion  of  lateral  ventricles,  852 
sulcus  (fissure  of  Rolando),  836,  837,  839 
angle  of,  839 
in  foetus,  840 
inferior  genu,  840 
superior  genu,  839 
veins  of  spinal  cord,  775 
Centres,  association,  of  cerebral  cortex,  869 
Centrum  semiovale,  862 
Cephalic  flexure  of  neural  tube,  779 

portion  of  sympathetic  system,  1003 
Cephalo-auricular  angle,  1050 
Cerebellar  arteries,  880 
cortex,  791 

peduncle,  inferior,  778 

superior,  812 
tract,  direct,  of  Flechsig,  770 
Cerebello-olivary  fibres,  801 
Cerebello-spinal   fasciculus    (direct  cerebellar 
tract  of  Flechsig),  770 
neurone  system,  766 
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Cerebellum  (hind  brain),  787 

anterior  medullary  velum  of,  7S9 

arbor  vitre  of,  791 

axones  of,  791 

bi ventral  lobe,  790 

blood-vessels  of,  880 

cells  of  Purkinje,  791 

central  lobule  of,  789 

climbing  fibres  of  cortex,  792 

clivus,  789 

cortex  of,  787,  791 

culmen  of,  789 

dentate  nucleus  of,  792 

development  of,  787 

dorsal  surface  of,  788 

fissures,  788 

flocculus,  790 

peduncle  of,  790 

secondary,  790 
folia  of,  787 

folium  vermis  (cacuminis),  7S9 

fourth  ventricle,  anatomy  of,  794 

Golgi  cells  in,  792 

granular  layer  of  cortex,  791 

gross  divisions  of,  787 

hemisphere  of,  787 

incisura  marsupialis,  788 

inferior  vermis,  790 

internal  structure  of,  791 

laminae  of,  787 

length  of,  787 

lingula  of,  789 

lobes  and  lobules,  788 

lobuli  graciles,  789 

median  lobe,  788 

medullary  body  of,  787 

lamina;  of,  791 
monticulus,  788 
moss  fibres  of  cortex,  792 
nodule  of  inferior  vermis,  791 
notch  of,  787 
nuclei  of,  787,  792 
nucleus  emboliformis,  792 

fastigii  (roof  nucleus),  792 

globosus  of,  792 
parapyramidal  fissure  of,  790 
peduncles  of,  792 
posterior  medullary  velum,  790 
post-nodular  fissure  of,  791 
post-pyramidal  fissure  of,  790 
prepyramidal  fissure  of,  790 
pyramid  of  vermis,  790 
red  nucleus  of,  793 
retrotonsillar  fissure  of,  790 
semilunar  lobes,  788 
stellate  cells,  791 
sulci  of,  787 
superior  vermis  of,  788 
surfaces  of,  788 
tentorium  of,  787 
tonsil  (amygdala)  of,  790 
tuber  vermis,  790 
uvula  of  vermis,  790 
uvular  lobe,  791 
vallecula  of,  790 
veins  of,  880 
vermis  of,  779,  787,  789 
weight  of,  787 
Cerebral  arteries,  879 

commissure,  anterior,  850 

inferior,  830 
cortex,  association  centres  of,  869 

auditory  (cochlear)  area  of,  869 

cornu  ammonis,  856 

distribution,  856 

functional  areas  of,  868 

gustatory  area,  869 

olfactory  area  of,  869 


Cerebral  cortex,  somoesthetic  area  of,  868 
stripes  of  Baillarger,  856 
structure  of,  856 
tangential  layer  of  fibres,  856 
visual  area  of,  868 
hemispheres,  830 
corpus  striatum,  832 
cortex  of,  832 
development,  753 
gyri  of,  832 

internal  capsule  of,  S32 

lateral  ventricle,  832 

pallium,  832 

rhinencephalon,  832 
hemorrhage,  artery  of  (Charcot),  880 
path  for  cranial  nerves  exclusive  of  those  of 

special  sense,  871 
peduncles  (crura),  814,  815 

arteries  of,  880 
vein,  single,  897 
Cerebro-spinal  fasciculus,  lateral,  769 

ventral,  771 
fluid,  885,  894 

in  lateral  ventricles,  851 
nerves,  747,  901 
neurone  system,  766 
path,  869 
system,  899 
Cerebrum,  814  ■ 

alveus  of  limbic  lobe,  847,  855 
amygdaloid  nucleus  (nucleus  amygdalae),  858 
angular  gyrus,  842 
ansa  lenticularis,  858 

anterior  central  gyrus  (ascending  frontal  con- 
volution), 837 

commissure,  827,  850,  866 

perforated  substance,  827,  845 
association  system  of  hemisphere,  866 
basal  ganglia,  856 
basis  (pes)  pedunculi,  821 
blood-supply  of,  879 
brachia  conjunctiva,  821 
brachii,  814 

Broca's  convolution,  838 
calcar  avis  (hippocampus  minor),  843 
calcarine  fissure,  843 
caudate  nucleus,  855,  857 
central  gray  substance  of,  816 
lobe  or  insula,  836 

sulcus  (fissure  of  Rolando), '836,  837,  839 

centrum  semiovale,  862 

chorioid  plexus  of  lateral  ventricle,  853 

claustrum,  855 

collateral  fissure,  835,  843 

commissura  habenularum,  861 

commissural  system  of  fibres  of  telencepha- 
lon, 866 

connections  of  nuclei  of  corpus  striatum,  857 
convolutions  of,  832 
corona  radiata,  863 

corpora  mammillaria  (albicantia),  777,  823 

quadrigemina,  814 
corpus  mammillare  of  limbic  lobe,  849 

callosum,  831,  866 

striatum,  832,  856 
cortex,  832 
cuneus,  843 

deep  lateral  fissure  (fissure  of  Sylvius),  830 
diencephalon,  823 
dorsal  surface  of,  814 

epiphysis  (pineal  body,  conarium),  814,  825 
epithalamus,  823,  825 
external  capsule,  853,  864 
external  features,  814 
fasciculus  retroflexus  (Meynerti),  861 
fibres  of  white  substance  of  telencephalon,  862 
fifth  ventricle  (cavity  of  septum  pellucidum), 
850 
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Cerebrum,  fimbria,  855 
fissura  serotina,  845 
fissures  of,  832,  833 
forceps  major,  854,  866 
forceps  minor,  866 
fornix  of  limbic  lobe,  847 
fountain  decussation  (Forel),  822 
frenulum  veli,  815 
frontal  lobe,  837 

fusiform  gyrus  (occipito-temporal  convolu- 
tion), 835,  843 

geniculate  bodies,  814,  825 

Gudden's  commissure  (inferior  cerebral  com- 
missure), 822,  830 

gyri,  832 

gyrus  cinguli  (cingulum),  846 
fornicatus,  846 
longus,  837 
•  rectus,  S38 

transitivus  (deep  annectant  gyrus),  843 
habenulse,  826 
habenular  commissure,  826 

nucleus,  861 

trigone,  815 
hemispheres  of,  830 
hippocampal  commissure,  848,  866 

digitations,  855 
hippocampus,  847 

major,  847,  855 

minor  (calcar  avis),  847,  854 
hypophysis,  827,  828 

hypothalamic  nucleus  (body  of  Luys),  861 

sulcus  (sulcus  of  Monro),  826 
hypothalamus,  859 
inferior  frontal  gyrus,  838 

frontal  sulcus,  838 

parietal  lobule,  841 

quadrigeminate  body,  819 

temporal  gyrus,  835 
infero-lateral  border,  830 
infundibular  recess,  827 
infundibulum,  777,  828 
internal  capsule,  832,  856,  863 

occipital  border,  830 

orbital  border,  S30 

structure  of,  816 
interparietal  sulcus  (intraparietal),  840 
interpeduncular  fossa  of,  815 

ganglion,  861 
intraventricular  foramina  (Monroi),  826,  851, 

852 

lamina  terminalis,  827 

lateral  fissure  (fissure  of  Sylvius),  835 

lemniscus,  820 

occipital  sulcus,  843 

olfactory  gyrus,  844 

ventricles,  832,  851 
lemniscus,  819 

lenticular  nucleus  (nucleus  lentiformis),  856, 
857 

limbic  lobe,  844,  845 
lingual  gyrus,  S35,  843 
lobes  of  telencephalon,  833 
longitudinal  fissure  of,  830 
marginal  gyrus,  838 
massa  intermedia,  824 
medial  lemniscus,  820 

longitudinal  fasciculus,  S22 

olfactory  gyrus,  845 
mesencephalon,  814 

metathalamus  (geniculate  bodies),  823,  825 
middle  frontal  gyrus,  837 
sulcus,  837 
temporal  gyrus,  834 
sulcus,  835 
nucleus  of  Edinger  and  Westphal,  818 
lateral  lemniscus,  820 
mesencephalic  root  of  trigeminus,  816 


Cerebrum,  nucleus  of  superior  colliculus,  821 

trochlear  nerve,  817 
•occipital  gyri,  843 

lobe,  842 
oculomotor  (third)  nerve,  818 

sulcus,  816 
olfactory  bulb,  S44 

lobe,  S44 

striae,  844 

tract,  844 

trigone,  844 

ventricle,  845 
opercula  of  temporal  lobe,  834,  836 
optic  chiasma  (optic  commissure),  826,  827, 
828 

nerve,  828 

recess,  827 

tracts,  829 
optic-acoustic  reflex  path,  822 
orbital  area,  830 

gyri  of  frontal  lobe,  838 
pallium  of,  832 
paracentral  lobule,  842 
parietal  lobe,  840 
parieto-occipital  arch,  841 

fissure,  843 
parolfactory  area  (Broca's  area),  845 

sulci,  845 
peduncles  of,  815 

pedunculo-mammillary  fasciculus,  849 
pes  hippocampi,  855 
postcentral  sulcus,  840 

posterior  central  gyrus  (ascending  parietal), 
840 

commissure,  815 

perforated  substance,  815,  823 
post-parietal  gyrus,  842 
praecuneus,  842 
precentral  sulcus,  837 
preoccipital  notch,  840 
prosencephalon,  823 
pulvinar  of  thalamus,  824 
red  nuclei,  821 
rhinencephalon,  832,  844 
septum  pellucidum,  850 
stratum  album  profundum,  822 

cinereum,  822 

opticum  (stratum  album  medium),  822 

zonale,  819,  821,  824 
stria  terminalis  (taenia  semicircularis),  824 
striae  medullares,  825 
structure  of  cortex  of,  856 
subcallosal  gyrus  (peduncle  of  corpus  callo- 

sum),  845 
submarginal  gyrus,  838 
substantia  nigra  of,  816,  821 
sulci  of,  832,  833 
sulci  breves,  837 

sulcus  cinguli  (calloso-marginal  fissure),  837, 
838 

superciliary  border,  830 
superior  frontal  gyrus,  837 

frontal  sulcus,  837 

parietal  lobule  (gyrus),  841 

quadrigeminate  bodies,  821 

temporal  sulcus,  834 
supramarginal  gyrus,  841 
suprapineal  recess,  826 
surface  area  of  telencephalon,  833 
Sylvian  fossa,  834 
taenia  chorioidea,  824 

fimbriae,  855 

pontis,  816 
telencephalon,  826 
temporal  lobe,  834 
tentorial  area  of,  830 
thalamencephalon,  823 
thalami,  823,  824,  859 
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Cerebrum,    thalamo  -  mammillary  fasciculus 
(bundle  of  Vicq  d'Azyr),  849 

third  ventricle  of,  826 

transverse  fissure,  830 
occipital  sulcus,  841 

tuber  cinereum,  827 

veins  of,  879 

velum  interpositum,  826 

ventral  surface  of,  815 

Verga's  ventricle,  848 
Cerumen,  1052 
Ceruminous  glands,  1052 

Cervical  cardiac  branches  of  tenth  cranial  nerve, 
985 
nerves,  985 
cutaneous  nerve,  superficial,  914 
enlargement  of  spinal  cord,  758 
flexure  of  neural  tube,  779 
ganglion  of  sympathetic,  inferior,  1007 
middle,  1006 
superior,  1005 
nerves,  907,  911 

anterior  primary  divisions,  911 
entering  into  brachial  plexus,  917 
fifth,  908 
first,  907 
fourth,  908 
second,  908 
third,  908 
transverse,  914 
plexus,  905,  911 

ascending  branches  of,  912 
deep  branches  of,  915 
descending  branches  of,  915 
posterior,  of  Cruveilhier,  908 
superficial  branches  of,  912 
supra-clavicular  branches  of,  915 
transverse  branch,  914 
portion  of  spinal  cord,  758 

of  sympathetic  system,  1003,  1005 
construction  of,  1007 
Cervico-facial  nerve,  978 
Cervix  of  dorsal  horn  of  spinal  cord,  762 
Chambers  of  eye,  1030 
Characteristics  of  cranial  nerves,  958 
Charcot's  artery  of  cerebral  hemorrhage,  880 
Check  ligaments  of  eyeball,  1040 
Chiasma,  optic,  777,  826,  827 
Choanse,  1070 
Chorda  tympani  nerve,  977 
branches,  977 
course,  977 
origin,  977 
Chorio-capillaris,  1022 
Chorioid,  1026 

plexus  of  fourth  ventricle,  795,  896 
plexus  (lateral  ventricle),  853,  854,  898 
plexuses  of  third  ventricle,  898 
Chorioidal  arteries  of  medulla  oblongata,  881 
fissure,  847,  1033 
lamina,  epithelial,  853,  898 
Ciliary  arteries,  anterior,  1032 
long  posterior,  1031 
short  posterior,  1031 
body, 1026 
ganglion,  972,  1044 
branches,  972 
long  root  of,  966 
roots,  972 
short  root  of,  962 
muscle,  1026 
nerves  of  eyeball,  1030 
long,  966 
short,  972,  1044 
processes,  1026 
veins,  1032 
zone,  1022 
Cingulum,  846,  867 


Circular  fibrous  layer  of  tympanic  membrane, 
1053 

sulcus  (limiting  sulcus  of  Reil),  836 
Circulus  arteriosus  major,  1032 
minor,  1032 
tonsillaris,  981 
Circumflex  nerve,  921 
Circumvallate  papillae  of  tongue,  1064 
Cisterna  basalis,  892 

cerebello-medullaris  (cisterna  magna),  779, 
892 

chiasmatis,  892 

interpeduncularis,  892 

pontis,  892 

superior,  892 
Clarke's  column  of  spinal  cord,  762,  770 
Classes  of  nerve  plexuses,  935 
Claustrum,  858 
Clava,  785,  799 

Climbing  fibres  of  cerebellar  cortex,  792 
Clitoris,  cavernous  nerves  of,  1018 

dorsal  nerve  of,  957 
Clivus  of  cerebellum,  789 
Cloquet,  canal  of,  1030 

Clunial  (gluteal)  branches,  inferior,  of  posterior 
femoral  cutaneous  nerve,  946 
nerve,  inferior  medial,  946 
middle,  910 
superior,  910 
Coats  of  the  eye,  1025 
Coccygeal  ganglion,  1010 
ligament,  884 
nerves,  910 

posterior  primary  division  of,  910 
rudimentary,  901 
perforating  nerve,  greater,  of  Eisler,  946 
plexus,  957 
Cochlea,  1057 

spiral  ganglion  of,  806,  980 
Cochlear  area  of  cerebral  cortex,  869 
fenestra,  1054 

division  of  eighth  nerve  (acoustic  or  auditory), 
980 

duct  (membranous  cochlea,  or  scala  media), 

1059 
nerve,  806 
nuclei  of,  806 
Cceliac  branches  of  tenth  cranial  nerve,  986 
(semilunar)  ganglia,  1014 
plexus  of  nerves,  1013 
branches,  1015 
ganglia,  1014 
situation,  1014 
Collateral  branches  of  femoral  nerve,  938 
of  sacral  plexus,  945 
eminence,  847 
fissure,  835,  843 
nerve,  ulnar,  922 
trigone  of  lateral  ventricle,  854 
Collaterals  of  axones,  750 
Colliculi,  814 

superior,  779,  821 
Colliculus  facialis,  797 

nucleus  of  inferior,  819 
Coloboma,  1033 

Column,  Clarke's,  of  spinal  cord,  762 
Columna  anterior  of  spinal  cord,  762,  771 

lateralis  of  spinal  cord,  763 

posterior  of  spinal  cord,  762 
Columns,  anterior,  of  fornix,  849 
Comma-shaped  fasciculus,  767 
Commissura  habenularum,  861 
Commissural  axones,  763 

bundle,  772 

fibres  of  white  substance  of  spinal  cord,  766 
nucleus  of  the  ala  cinerea,  805 
system  of  fibres,  866 
Commissure,  anterior  cerebral,  827,  850,  866 
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Commissure,  grey,  of  spinal  cord,  762 
Gudden's,  822,  830 
hippocampal,  848,  866 
inferior  cerebral,  830 
optic,  828 

posterior,  of  cerebrum,  815 
white,  of  spinal  cord,  762 
Common  carotid  plexuses  of  nerves,  1006 
composition  of  nerves  of  lumbar  plexus,  936 

of  pudendal  plexus,  956 

of  sacral  plexus,  944 
nasal  meatus,  1071 

peroneal  (external  popliteal)  nerve,  952 
branches,  952 
course,  952 
origin,  952 
plantar  digital  nerves,  951,  952 
volar  digital  branch  of  ulnar  nerve,  926 
digital  nerves,  of  hand,  928 
Communicans  fibularis,  952 
Communicating   branches   of   external  deep 
branches  of  cervical  plexus,  915 
of  internal   deep    branches    of  cervical 

plexus,  915 
of  obturator  nerve,  942 
of  ophthalmic  nerve,  964 
of  seventh  (facial)  nerve,  974 

to  small  petrosal  nerve,  977 
nerve,  tibial,  949 
Communications  between  central  nervous  sys- 
tem and  sympathetic  system,  1000 
of  auriculo-temporal  nerve,  971 
of  cavernous  plexus  of  nerves,  1005 
of  fourth  pair  of  cranial  nerves  (trochlear 

nerves),  963 
of  great  superficial  petrosal  nerve,  976 
of  inferior  cervical  ganglion  of  sympathetic, 
1007 

of  lingual  nerve,  970 

of  middle  cervical  ganglion  of  sympathetic, 
1006 

of  petrous  ganglion,  981 

of  lumbar  portion  of  sympathetic  system,  1010 
of  seventh  (facial)  nerve,  976 
of  superior  cervical  ganglion,  1005 
of  tenth  nerve  (vagus  or  pneumogastric) ,  984 
of  twelfth  cranial  nerve  (hypoglossus),  988 
Components  of  basis  (pes)  pedunculi,  821 
Composition  of  nerves  of  lumbar  plexus,  935 
of  pudendal  plexus,  956 
of  sacral  plexus,  944 
Conarium,  825 
Concha,  1049 

eminence  of,  1050 
Conchse,  nasal,  1071 
Conduction  paths,  auditory,  874 
involving  cerebellum,  871 
of  nervous  system,  summary  of,  869 
of  olfactory  apparatus,  876 
of  optic  apparatus,  875 
Conical  papillae  of  tongue,  1064 
Conjunctiva,  cul  de  sac  (fornix),  1020,  1021 
ocular,  1021 
palpebral,  1020,  1046 
Connections,  central,  of  cranial  nerves,  803 
cortical,  of  thalamus,  861 
of  nuclei  of  corpus  striatum,  857 
of  nucleus  of  oculomotor  nerve,  819 
Connective  tissue  of  eyelids,  central,  1045 

of  nervous  system,  753 
Construction  of  cervical  portion  of  sympathetic 
system,  1007 
of  lumbar  portion  of  sympathetic  system  ,1011 
of  sacral  portion  of  sympathetic  system,  1011 
of  sympathetic  system,  1000 
of  thoracic  portion  of  sympathetic  system, 
1009 

Contents,  orbital,  arrangement  of,  1033 


Contents  of  restiform  body,  793 
Conus  medullaris,  758 
Convex  surface  of  brain,  776 

of  cerebral  hemispheres,  830 
of  occipital  lobe,  842 
Convolutions  of  brain,  777,  832 
Cord,  spinal,  756 
Cords  of  brachial  plexus,  917 

ganglionated,  of  sympathetic  system,  1003 
Cornea,  1025 
rotation  of,  1037 
structure  of,  1025 
Cornu  ammonis,  847,  856 
Cornua  of  lateral  ventricles,  852,  853 
Cornu-commissural  tract,  769 
Cornucopia?,  896 
Corona  ciliaris,  1026 
iridis,  1022 
radiata,  863 

occipito-thalamic  (optic)  radiation  of,  864 
Coronary  plexuses  of  nerves,  1013 
Corpora  mammillaria  (albicantia),  777,  823 

quadrigemina,  779,  814 
Corpus  callosum,  777,  831,  866 
body  of,  831,  866 
forceps  major,  866 

minor,  866 
genu,  831,  866 

lateral  longitudinal  stria  of,  831 

medial  longitudinal  stria  of,  831 

peduncle  of,  845 

radiation  of,  831,  866 

rostral  lamina  of,  831 

rostrum  of,  831,  866 

splenium  of,  831,  866 
mammillare  of  limbic  lobe,  849 
striatum,  832,  856 

connections  of  nuclei  of,  857 
trapezoideum,  807 
Cortex,  cerebellar,  787,  791 
cerebral,  distribution  of,  856 

functional  areas  of,  868 

structure  of,  856 
of  lens  of  eye,  1029 
Corti,  organ  of,  1061 
Cortical  cerebral  arteries,  880 

connections  of  thalamus,  861 
Cotunnius,  nerve  of,  973 
Course  of  accessory  obturator  nerve,  943 
of  anterior  cutaneous  nerves  of  thigh,  939 

thoracic  nerves,  920 
of  auriculo-temporal  nerve,  971 
of  axillary  (circumflex)  nerve,  921 
of  buccinator  (long  buccal)  nerve,  969 
of  chorda  tympani,  977 
of  common  peroneal    (external  popliteal) 

nerve,  952 

of  deep  peroneal  (anterior  tibial)  nerve,  954 
radial  (posterior  interosseous)  nerve,  922 
temporal  nerves,  969 

of  dorsal  scapular  nerve,  919 

of  eleventh  cranial  nerve,  986 

of  external  carotid  nerves,  1006 

of  fibres   of   first  cranial  nerve  (olfactory 
nerve),  959 
of  fourth  cranial  nerve  (trochlear  nerve) ,  962 
of  second  cranial  nerve  (optic  nerve) ,  960 
of  third  (oculo-motor)  cranial  nerve,  962 

of  fifth  cranial  (trigeminal)  nerves,  964 

of  first  cervical  nerve  (anterior  primary  divi- 
sion), 911 
thoracic  nerve,  931 

of  fourth  cervical  nerve  (anterior  primary 
division),  911 

of  frontal  nerve,  965 

of  genito-femoral  (genito-crural)  nerve,  937 
of  great  auricular  nerve,  913 
splanchnic  nerve,  1009 
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Course  of  great  superficial  petrosal  nerve,  976 
ilio-hypogastric  nerve,  936 
of  ilio-inguinal  nerve,  936 
of  inferior  alveolar  (dental)  nerve,  970 

cardiac  nerve,  1007 

laryngeal  nerve,  985 
of  infra-orbital  nerve,  968 
of   intercosto-brachial  (intercosto-humeral) 

nerve,  932 
of  internal  carotid  nerve,  1005 
of  lachrymal  nerve,  965 
of  last  thoracic  nerve,  933 
of  lateral  cutaneous  nerve,  938 

plantar  nerve,  951 
of  least  splanchnic  nerve,  1009 
of  lesser  splanchnic  nerve,  1009 
of  lingual  nerve,  969 

of  long  thoracic  nerve  (external  respiratory 

nerve  of  Bell),  919 
of  lumbo-sacral  trunk,  943 
of  mandibular  nerve,  968 
of  masseteric  nerve,  969 
of  maxillary  nerve,  966 

of  medial  antibrachial  (internal)  cutaneous 
nerve,  920 

brachial  (lesser  internal)  cutaneous  nerve 
or  nerve  of  Wrisberg,  920 

plantar  nerve,  949 
of  median  nerve,  927 
of  mental  nerve,  971 
of  middle  cardiac  nerve,  1007 
of  musculo-cutaneous  nerve,  924 
of  naso-ciliary  (nasal)  nerve,  966 
of  ninth  nerve  (glosso-pharygeal),  980 
of  obturator  nerve,  941 
of  ophthalmic  nerve,  964 
of  optic  nerve,  1040 
of  perineal  nerve,  956 
of  posterior  auricular  nerve,  977 

femoral  cutaneous  (small  sciatic)  nerve,  945 
of  radial  (musculo-spinal)  nerve,  922 
of  recurrent  laryngeal  nerve,  985 
of  saphenous  nerve,  941 
of  sciatic  nerve,  947 

of  second  cervical  nerve  (anterior  primary 
division),  911 
thoracic  nerve,  931 

of  seventh  (facial)  nerve,  975 

of  sixth  cranial  nerve  (abducens),  975 

of  small  occipital  nerve,  913 

of  spinal  nerves,  903 

of  subclavian  nerve,  919 

of  superficial  cervical  cutaneous  nerve,  914 
peroneal  (musculo-cutaneous)  nerve,  954 
radial  (radial)  nerve,  923 

of  superior  cardiac  nerve,  1006 
laryngeal  nerve,  984 

of  suprascapular  nerve,  919 

of  sural  (external  or  short  saphenous)nerve ,952 

of  tenth  nerve  (vagus  or  pneumogastric),  982 

of  third  cervical  nerve  (anterior  primary  di- 
vision), 911 

of  thoracic  nerves,  931 

of  tibial  nerve,  948 

of  twelfth  cranial  nerve  (hypoglossus),  987 
of  ulnar  nerve,  924 
Cranial  arachnoid,  891 
cisterna  basalis,  892 

cerebello-medullaris    (cisterna  magna), 
S92 

chiasmatis,  892 

interpeduncularis,  892 

pontis,  892 

superior,  892 
cavity,  relations  of  brain  to  walls  of,  876 
dura  mater,  885 

arteries,  890 

folds,  889 


Cranial  dura  mater,  nerves,  890 
veins,  891 
nerves,  777,  957 

central  connections  of,  803 
eighth  pair  (acoustic  or  auditory),  778,  979 
eleventh  pair  (spinal  accessory),  778,  986 
fifth  pair  (trigeminal  nerves),  778,  963 
first  pair  (olfactory  nerves),  777,  959 
fourth  pair  (trochlear  nerves),  777,  962 
general  description,  958 
names  and  numbers,  957 
ninth  pair  (glosso-pharyngeal),  778,  980 
nuclei  in  medulla  oblongata,  803 
second  pair  (optic  nerves),  777,  959 
seventh  pair  (facial),  778,  975 
sixth  pair  (abducens),  778,  974 
superficial  attachments  and  origins,  959 
tenth  pair  (vagus  or  pneumogastric),  778, 
982 

third  pair  (oculo-motor  nerves),  777,  961 
twelfth  pair  (hypoglossus),  779,  987 
pia  mater,  895 

surfaces  of,  896 
tela?  chorioideae,  896 
vascular  duplications,  896 
subdural  cavity,  891 
venous  lacuna?,  889 
sinuses,  889 
Crest,  neural,  753 
Crista,  ampullary,  1059 
Crossed  pyramidal  tract,  769 
Cruciate  branches  of  superficial  peroneal  (mus- 
culo-cutaneous) nerve,  954 
Crura  of  anthelix,  1050 
of  cerebrum,  777,  814,  815 
of  fornix,  847 

of  lower  lateral  nasal  cartilages,  1068 
Crural  branch  of  genito-femoral  nerve,  938 

nerve,  anterior,  938 

interosseous  (Halbertsma),  949 
Crureus,  nerve  to,  941 
Crus  of  helix,  1049 

Cruveilhier,  posterior  cervical  plexus  of,  908 

Crypts  of  iris,  1022 

Crystalline  lens  of  eye,  1028 

Cul  de  sac,  conjunctival,  1020 

Culmen  of  cerebellum,  789 

Cuneate  tubercle  of  medulla  oblongata,  799 

Cuneo-lingual  gyrus,  anterior,  843 

posterior,  843 
Cuneus,  843 
Cup,  optic,  1028 
Cupular  caecum,  1060 

portion  of  epitympanic  recess,  1056 
Cutaneous  areas  of  face,  889 

of  lower  extremity,  995 

of  neck,  991 

of  pinna,  991 

of  scalp,  989 

of  trunk,  991 

of  upper  limb,  994 
branch  (communicans  fibularis)  of  common 
peroneal  nerve,  952 

of  dorsal  antibrachial  (external)  of  radial 
nerve,  922 

of  ilio-hypogastric  nerve,  936 

lateral,  of  thoracic  nerves,  932 

of  median  nerve,  928 

plantar,  of  medial  plantar  nerve,  950 

of  posterior  brachial  (internal)  of  radial 
nerve,  922 

of  posterior  femoral  cutaneous  nerve,  946 

of  sacral  plexus,  945 

of  superficial  peroneal  (musculo-cutane- 
ous) nerve,  954 

(medial  sural  cutaneous  or  tibial  communi- 
cating) of  tibial  nerve,  949 

of  ulnar  nerve,  926 
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Cutaneous  layer  of  tympanic  membrane,  1053 
nerves,  calcaneo-plantar,  949 
distribution  of,  989 
of  foot,  lateral  dorsal,  953 
intermediate  dorsal,  of  leg,  954 
lateral,  938 

of  abdomen,  933 

antebrachial,  924 

brachial,  921 

sural,  952 
lesser  internal,  920 
medial  antibrachial  (internal),  920 

brachial,  920 

dorsal,  of  leg,  954 

sural  949 
middle,'  of  thigh,  938,  939 
perforating,  of  thigh,  946 
posterior  femoral,  945 
superficial  cervical,  914 
of  thigh,  938 
nerve-supply  of  limbs,  993 
Cymba  conchse,  1049 

D 

Darwin,  tubercle  of,  1050 
Decussation,  fountain,  822 

of  lemnisci,  7S6,  797 

of  pyramids,  769,  797,  782 

of  superior  cerebellar  peduncles,  793 
Deep  annectant  gyrus,  840,  843 

branches  of  cervical  plexus,  915 
of  lateral  plantar  nerve,  952 

fibres  of  pons,  810 

lateral  fissure  (fissure  of  Sylvius),  830 
peroneal  (anterior  tibial)  nerve,  954 

branches,  954 

course,  954 

origin,  954 
portion  of  cardiac  plexus,  1013 
radial  (posterior  interosseous)  nerve,  922 

branches,  923 

course,  922 

origin,  922 
temporal  nerves,  969 

terminal  branches  of  femoral  (anterior  crural) 
nerve,  941 

volar  branch  of  ulnar  nerve,  926 
Deferential  plexus  of  nerves,  1018 
Deiters'  nucleus,  771,  805 
Dendrites,  750 

Dendritic  processes  of  neurone,  750 
Descemet,  membrane  of,  1026 
Dental  branches,  inferior,  of  inferior  dental 
plexus,  971 
superior,  of  superior  dental  plexus,  968 
nerves,  967,  968,  970 
inferior,  971 
superior,  968 
Dentate  fascia,  847 
fissure,  847 

nucleus  of  cerebellum,  792 
Denticulate  ligament,  893,  895 
Descendens  hypoglossi,  988 
Descending  branches  of  cervical  plexus,  915 
of  spheno-palatine  (Meckel's)  ganglion,  973 
projection  fibres  of  telencephalon,  865 
root  of  vestibular  nerve,  S06 
Description,  general,  of  eye  and  its  surround- 
ings, 1019 
of  cranial  nerves,  958 
Development  of  anterior  cerebral  commissure, 
850 
of  brain,  779 

of  central  sulcus  (fissure  of  Rolando),  840 
of  cerebellum,  787 
of  external  ear  1057 
of  eye,  1033 


Development  of  fornix,  850 
of  gyri  of  cerebrum,  832 
of  hypophysis  cerebri,  828 
of  internal  ear,  1061 
of  middle  ear,  1057 
of  nervous  coat  of  eye,  1028 
of  nervous  system,  753 
of  nose,  1074 

of  olfactory  bulb  and  tract,  845 
of  pineal  body,  828 
of  sulci  of  cerebrum,  832 
of  tongue,  1066 
Diagonal  sulcus,  838 
Diaphragm,  nerve  to,  916 
Diaphragma  sella?,  888 
Diaphragmatic  plexuses  of  nerves,  1015 
Diencephalon  (interbrain),  753,  823 
Differences  between  cerebro-spinal  system  and 
sympathetic  system,  899 
between  cranial  and  spinal  dura,  887 
Digastric  muscle,  nerve  to,  977 
Digital  branches  of  common  plantar,  951,  952 
of  common  volar,  of  hand,  928 
dorsal,  of  foot,  953 
of  hand,  924 
of  ulnar  nerve,  926 
of  medial  plantar  nerve,  950 
of  proper  plantar,  952 
volar,  of  hand,  928 
of  ulnar  nerve,  926 
Dictations,  hippocampal,  855 
Dilator  pupillae,  1027 
Direct  cerebellar  tract  of  Flechsig,  770 

pyramidal  tract,  771 
Direction  of  emergence  of  spinal  nerves,  903 
Disk,  optic,  1022 
Dissection  of  eye,  1024 
Distribution  of  cerebral  cortex,  856 

of  cutaneous  branches  of  the  sensory  and 

mixed  cranial  and  spinal  nerves,  989 
of  spinal  nerves,  areas  of,  907 
Divisions,  anterior  primary,  of  sacral  nerves, 944 
of  spinal  nerve-trunks,  910 
of  axillary  (circumflex)  nerve,  921 
of  eighth  nerve  (acoustic  or  auditory),  979 
of  encephalon,  779 
gross,  of  cerebellum,  787 
of  lumbar  nerves,  936 
of  nervous  system,  949 

posterior  primary,  of  spinal  nerve-trunks,  907 
primary,  of  spinal  nerve-trunk,  904 
of  sympathetic  system,  1002 
of  thoracic  nerves,  905,  931 
visceral,  of  spinal  nerves,  907 
Dorsal  accessory  olivary  nucleus,  801 

antibrachial  (external)  cutaneous  branch  of 

radial  nerve,  922 
aspect  of  medulla  oblongata,  784 
(posterior)  cutaneous  branch  of  ulnar  nerve, 
926 

nerve,  intermediate,  of  leg,  954 

lateral,  of  foot,  953 

medial,  of  leg,  954 
digital  branches  of  ulnar  nerve,  926 
digital  nerves  of  foot,  953 

of  hand, 924 
efferent  nucleus,  805 
external  spinal  veins,  775 
fasciculus  proprius,  768 

horn  (columna  posterior)  of  spinal  cord,  762 
nerve  of  clitoris,  957 

penis,  957 
nucleus  of  cochlear  nerve,  806 
part  of  pons,  810 

root  of  spinal  nerves,  747,  758,  901 
scapular  nerve,  919 
surface  of  diencephalon,  823 
of  cerebellum,  788 
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Dorsal  surface  of  mesencephalon,  814 
of  pons,  787 
zone  of  neural  tube,  779 
Dorso-medial  group  of  cells  of  ventral  horn  of 

spinal  cord,  763 
Dorsum  of  tongue,  1063 
Duct,  cochlear,  1059 
endolymphatic,  1058 
lachrymal  gland,  excretory,  1047 
naso-lachrymal,  1048 
semicircular,  1059 
utriculosaccular,  1058 
Ductus  (canaliculi)  lachrymalis,  1047 

reuniens  of  membranous  labyrinth,  1058 
Dura  mater,  882 

blood-vessels  of,  885,  890 
cranial,  885 
spinal  cord,  758,  882 
Dural  sheath  of  optic  nerve,  1040 


E 

Ear,  1049 
auricle,  1049 

development  of,  1057,  1061 
external  acoustic  (auditory)  meatus,  1051 
internal,  1057 
middle,  1052 
ossicles  of,  1054 
tympanum  of,  1052 
wax,  1052 
Edinger  and  Westphal,  nucleus  of,  818 
Efferent  fibres,  splanchnic,  906,  1001 
nerve-fibres,  747 
nucleus,  dorsal,  805 
veins  of  cerebellum,  880 
Ehrenritter,  ganglion  of,  980 
Eighth  cranial  nerve,  778,  979 
Eisler,  greater  coccygeal  perforating  nerve,  946 
Elastic  lamina,  anterior,  of  cornea,  1026 

posterior,  of  cornea,  1026 
Eleventh  pair  of  cranial  nerves  (spinal  acces- 
sory), 778,  986 
branches,  987 
central  connections,  987 
course,  986 
origin,  986 

Embryological  evidence  regarding  fasciculi  of 

spinal  cord,  766 
Embryonal  cardiac  plexuses,  1013 

layers  of  olfactory  bulb,  845 
Eminence  of  auricle,  1050 

collateral,  847 

hypoglossal,  796 

lateral,  of  lateral  ventricle,  854 

medial,  of  floor  of  fourth  ventricle,  796 
Emissary  veins,  889 
Encephalon,  756,  776 

blood-supply  of,  879 

divisions  of,  779 
End-brain,  823 
End-brush,  751 
Endolymph,  1057 
Endolymphatic  duct,  1058 

sac,  1058 
End-organs,  753 
End-plates,  753 

Enlargements  of  spinal  cord,  758 
Ependymal  cells,  753 
Epidural  cavity,  883 
Epiglottic  vallecula,  1063 
Epiphysis  (pineal  body),  753,  779,  814,  825 
Epithalamus,  823,  825 
Epithelial  chorioid  lamina,  853,  898 
Epithelium,  subcapsular,  of  lens  of  eye,  1029 
Epitympanic  recess,  053 
Equator  of  eyeball,  1023 
of  lens  of  eye,  1028 


Ethmoidal  bulla,  1071 
nerve,  anterior,  966 
Eustachian  tube,  1054,' 1057 
Examination  of  eyeball,  1023 
Excretory  ducts  of  lachrymal  gland,  1047 
External  acoustic  (auditory)  meatus,  1051 
arteries,  1052 
lymphatics,  1052 
nerves,  971,  1052 
relations,  1051 
structure,  1051 
veins,  1052 
anterior  thoracic  nerve,  920 
arcuate  fibres  of  medulla  oblongata,  784,  801 
branch  of  eleventh  cranial  nerve,  987 
of  lateral  cutaneous  nerve,  938 
of  superior  laryngeal  nerve,  985 
capsule  (telencephalon),  858,  864 
carotid  nerves,  1006 

plexus  of  nerves,  1006 
cruciate  branch  of  superficial  peroneal  (mus- 
culocutaneous) nerve,  954 
cutaneous  branch,  dorsal,  of  radial  nerve,  922 
deep  branches  of  cervical  plexus,  915 
ear,  1049 

development  of,  1057 
features  of  mesencephalon,  814 
prosencephalon,  823 
telencephalon,  826 
maxillary  plexus  of  nerves,  1006 
medullary  lamina  of  lenticular  nucleus,  857 

of  thalamus,  860 
morphology  of  spinal  cord,  757 
nasal  branches  of  maxillary  nerve,  968 
nose,  1067 
orbital  gyrus,  838 
palatine  nerve,  974 
parieto-occipital  fissure,  843 
popliteal  nerve,  952 
pterygoid  muscle,  nerve  to,  969 
respiratory  nerve  of  Bell,  919 
saphenous  nerve,  952 

spermatic  branch  of  genito-femoral  nerve,  938 

spinal  veins,  775 

superficial  petrosal  nerve,  1006 
Extremities,  cutaneous  nerve-supply  of,  993 
Extrinsic  muscles  of  tongue,  1064 
Eye,  1019 

aqueous  humor  of,  1030 

attachments  of  muscles  in  orbit,  1034 

blood-vessels  of,  1031 

chambers  of,  1030 

check  ligaments,  1040 

chorioid,  1026 

ciliary  body,  1026 
muscle  of,  1026 

cornea,  1025 

development  of,  1033 

dissection  of,  1024 

examination  of  eyeball,  1023 

eyelids,  1044 

fascia  bulbi  (Tenon's  capsule),  1040 
fasciffi  of  orbit,  1037 
general  description  of,  1019 

surface  view,  1019 
innermost  (nervous)  coat  of,  1028 
interfascial  (Tenon's)  space,  1040 
iris,  1026 

lachrymal  apparatus,  1047 
lens  of,  1028 

lymphatic  system  of,  1032 

of  orbit,  1044 
movements  of,  1037 
muscles  of,  1035 
nerves  of,  1030 
of  orbit,  1043 
optic  nerve,  1040 
orbit  and  its  contents,  1033 
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Eye,  outer,  fibrous  coat  of,  1025 

principal  axes  of  rotation,  1036 

retina  of,  1028 

sclerotic,  1025 

suspensory  ligament,  1039 

vascular  coat  (uveal  tract),  1026 

veins  of,  1032 

vitreous  humor  of,  1029 
Eyeball,  arteries  of,  1023 

blood-vessels  of,  1031 

check  ligaments  of,  1040 

ciliary  nerves  of,  1030  . 

equator  of,  1023 

examination  of,  1023 

hemispheres  of,  1024 

insertions  of  muscles,  1023 

nerves  of,  1024 

poles  of,  1023 

sagittal  axis  of,  1023 

shape  of,  1023 

suspensory  ligament  of,  1039 
Eyelids,  1020,  1044 
blood-vessels  of,  1046 
glands  of,  1046 
lymphatic  vessels  of,  1046 
nerves  of,  1046 
structure  of,  1045 


F 

Face,  cutaneous  areas  of,  989 

Facial  branches  of  great  auricular  nerve,  914 

nerve,  975 

nucleus  of,  778,  808 
Fascia  bulbi  (Tenon's  capsule),  1040 

dentate,  847 

of  orbit,  1037 

palpebral,  1038 
Falx  cerebelli,  888 

cerebri,  887 
Fascicularis  retroflexus  (Meynerti),  861 
Fasciculi  of  nerves,  756 

proprii  of  spinal  cord,  766,  768 

pyramidal,  of  pons,  810 
of  telencephalon,  865 

of  spinal  cord,  order  of  medullation  of,  774 
physiological  investigation,  766 
Fasciculus,  anterior  marginal,  771 

cerebello-spinal,  770 

comma-shaped,  767 

cuneatus  (Burdach's  column),  767 

gracilis  (Goll's  column),  767 

inferior  longitudinal,  867 

intermediate,  771 

lateral  cerebro-spinal,  769 

medial  longitudinal,  800,  822 

occipito-frontal,  868 

olivary,  770 

pedunculo-mammillary,  849 
proprius,  dorsal,  768 

lateral,  769 

ventral,  771,  772 
retroflexus  of  Meynert,  821 
sulco-marginal,  772 
superficial  ventro-lateral,  770 
superior  longitudinal,  867 
thalamo-mammillary,  849,  860 
uncinate,  867 
ventral  cerebro-spinal,  771 
Fasciola  cinerea,  847 

Features,  external,  of  mesencephalon,  814 

of  prosencephalon,  823 

of  telencephalon,  826 
Felt-work  of  axones  in  grey  substance  of  spinal 
cord,  763 

Femoral  cutaneous  nerve,  posterior,  945 
(anterior  crural)  nerve,  938 
branches,  938,  941 
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Femoral  (anterior  crural)  nerve,  course,  938 
origin,  938 

plexus  of  nerves,  1015 
Fenestra  ovalis,  1054 

rotunda,  1054 
Fibras  propria,  867 

Fibre-connections  of  nuclei  of  corpus  striatum, 
857 

Fibres,  afferent  nerve,  747 
sympathetic,  907 
of  anterior  cerebral  commissure,  850 
arcuate,  801 

association,  of  telencephalon,  866 
white  substance  of  spinal  cord,  766 

of  brachium  pontis,  793 

of  cerebellar  cortex,  792 

cerebello-olivary,  801 

commissural  system  of,  866 

of  white  substance  of  spinal  cord,  766 

of  efferent  nerve,  747 

external  arcuate,  of  medulla  oblongata,  784 
of  fornix,  866 

of  grey  substance  of  pons,  813 
internal  arcuate,  799 
of  lateral  lemniscus,  820 
of  medial  lemniscus,  821 

longitudinal  fasciculus,  823 
of  medulla,  800 

of  oculomotor  or  third  nerve,  818 
of  optic  nerve,  959 
of  pons,  800,  810 
of  pyramids,  797 
of  restiform  body,  793,  812 
splanchnic,  1001 
afferent,  906 
efferent,  906 
of  superior  peduncle  of  cerebellum,  794 

quadrigeminate  bodies,  821 
sympathetic,  998 

trunks,  1003 
of  tenth  cranial  nerve,  986 
of  white  substance  of  telencephalon,  862 
Fibrous  layers  of  tympanic  membrane,  1053 
Fibular  branch  of  tibial  nerve,  949 
Fifth  cervical  nerve,  posterior  primary  divi- 
sions, 908 

pair  of  cranial  nerves  (trigeminal  nerves), 
778,  963 
branches,  964 
central  connections,  964 
course,  964 
ganglion  of,  963,  972 
origin,  963 
roots  of,  964 
ventricle  (cavity  of  septum  pellucidum),  850 
Fila  radicularia,  761,  901 
Filaments,  root,  of  spinal  nerves,  761 
Filiform  papillae  of  tongue,  1064 
Fillet  of  medulla  oblongata,  797 
Filum  of  dura  mater,  884 

terminate,  758,  895 
Fimbria,  847,  855 

Fimbriate  folds  of  lingual  mucous  membrane, 
1063 

Fimbrio-dentate  sulcus,  847 
Fingers,  nerves  of,  928 

First  cervical  nerve,  anterior  primary  division, 
911 

sub-occipital,  posterior  primary  division 
907 

common  volar  digital  nerve,  of  hand,  928 

pair  of  cranial  nerves  (olfactory  nerves),  959 

thoracic  ganglion,  1008 
nerve,  931 
Fissura  prima,  845 

serotina,  845 
Fissures,  antitrago-helicine,  1050 

calcarine,  843 
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Fissures,  calloso-marginal,  837,  838 
of  cerebellum,  788 
of  cerebrum,  832 
chorioid,  847,  1033 
collateral,  S35,  843 
deep  lateral,  830 
great  longitudinal,  776 
hippocampal  or  dentate,  847 
lateral,  835 

longitudinal,  of  cerebrum,  830 
parapyramidal,  of  cerebellum,  790 
parietooccipital,  843 

posterior  median,  of  medulla  oblongata,  785 
post  limbic,  842 

post-nodular,  of  cerebellum,  791 
post-"pyramidal,  of  cerebellum,  790 
pre  pyramidal,  of  cerebellum,  790 
retrotonsillar,  of  cerebellum,  790 
Rolando,  837,  839 
spinal  cord,  761 
Sylvius,  777,  830,  835 
telencephalon,  833 
transverse,  of  cerebrum,  830 
Flechsig,  direct  cerebellar  tract  of,  770 

secondary  optic  radiation  of,  866 
Flexor  carpi  radialis,  nerves  to,  928 
ulnaris,  nerves  to,  926 
digitorum  longus,  nerves  to,  949 
profundus,  nerves  to,  926 
sublimis,  nerves  to,  928 
longus  hallucis,  nerves  to,  949 
Flexures  of  neural  tube,  779 
Flocculus  of  cerebellum,  790 
peduncle  of,  790 
secondary,  of  cerebellum,  790 
Floor  of  fourth  ventricle,  794,  795 

ala  cinerea  (trigonum  vagi),  796 
area  acustica,  797 

postrema  of  Retzius,  796 
calamus  scriptorius,  796 
colliculus  facialis,  797 
fovea  trigemini,  797 
funiculus  separans,  796 
hypoglossal  eminence  (trigonum  hypo- 

glossi),  796 
inferior  fovea,  796 
locus  caeruleus  of,  797 
medial  eminence  of,  796 
nucleus  incertus  of,  797 

intercalatus,  796 
portions  of,  795 
stria?  acustica?,  797 
sulci  of,  796 
superior  fovea  of,  797 
tuberculum  acusticum,  797 
of  lateral  ventricles,  853 
Fluid,  cerebro-spinal,  885,  894 
Folds  of  cranial  dura  mater,  887 
inferior  palpebral,  1020 
lingual  mucous  membrane,  1063 
neural,  753 

semilunar,  of  conjunctiva,  1023 

sublingual,  1063 

superior  palpebral,  1020 

tympanic  mucous  membrane,  1056 
Folia  of  cerebellum,  787 
Foliate  papillae  of  tongue,  1064 
Folium  vermis  (cacuminis)  of  cerebellum,  789 
Fontana,  spaces  of,  1026 
Foot,  nerves  of,  949 

Foramen  caecum  of  medulla  oblongata,  782 
(Morgagni)  of  tongue,  1063 
of  diaphragma  sella?,  889 
interventricular,  826 
of  Magendie,  779,  795 
of  Monro,  826 
ovale  of  Pacchioni,  888 
sclera?,  1025 
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Foramina,  intraventricular  (Monroi),  851,  852 
Forceps  major,  854,  866 

minor,  866 
Fore-brain,  823 

Forel,  fountain  decussation  of,  822 
Formation  of  brachial  plexus,  917 

of  cervical  plexus,  911 

of  coccygeal  plexus,  957 

of  lumbar  plexus,  935 

of  lumbo-sacral  plexus,  935 
trunk,  943 

of  mandibular  nerve,  968 

of  pudendal  plexus,  956 

reticular,  of  medulla  and  pons,  800 
of  spinal  cord,  763 

of  sacral  plexus,  944 

of  sympathetic  system,  998 
Fornix,  anterior  pillars  of,  849 

body  of,  848 

conjunctival,  1020 

development  of,  850 

fibres  of,  866 

limbic  lobe,  847 

posterior  pillars  (crura),  847 
Fossa  of  anthelix,  1050 

interpeduncular,  777,  815 

rhomboidea,  779,  786,  794,  795  ' 

scaphoid,  of  auricle,  1050 

Sylvian,  834 

triangular,  of  auricle,  1050 
Fossa?,  nasal,  1070 
Fountain  decussation  (Forel),  822 
Four  lower  cervical  nerves,  anterior  primary 
divisions,  911 
upper  cervical  nerves,  anterior  primary  divi- 
sions, 911 

Fourth  cervical  nerve  (anterior  primary  divi- 
sions), 911 
posterior  primary  divisions,  908 
pair  of  cranial  nerves  (trochlear  nerves),  962, 
1043 

central  connections,  963 
communications,  963 
course,  962 
nucleus  of,  817 
origin,  962 
ventricle,  779 
anatomy  of,  794 
ala  cinerea  (trigonum  vagi),  796 
area  acustica,  797 

postrema  of  Retzius,  796 
calamus  scriptorius,  796 
chorioid  plexus,  795,  896 
colliculus  facialis,  797 
floor  of,  795 
fovea  trigemini,  797 
funiculus  separans,  796 
hypoglossal   eminence    (trigonum  hypo- 

glossi),  796 
inferior  fovea,  796 
lateral  apertures,  795 

recesses,  795 
locus  ca?ruleus  of  floor  of,  797 
medial  aperture  of,  795 
nucleus  incertus  of  floor  of,  797 

intercalatus,  796 
portions  of,  794 
roof  of,  794 
stria?  acustica?,  797 
superior  fovea  of,  797 
tela  chorioidea  of,  896 
tuberculum  acusticum,  797 
Fovea  centralis,  1022,  1028 

inferior,  of  floor  of  fourth  ventricle,  796 
trigemini,  797 
Framework  of  nose,  1067 
Free  termination  of  telodendria,  753 
Frenulum,  1063 
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Frenulum  veli,  795,  815 
Frontal  association  centre,  869 
branch  of  frontal  nerve,  965 
convolution,  ascending,  837 
gyrus,  inferior,  838 
middle,  837 
superior,  837 
lobe,  837 

anterior  central  gyrus  (ascending  frontal 

convolution),  837 
orbital  gyrus,  838 
Broca's  convolution,  838 
central  sulcus  (Rolandi),  837 
diagonal  sulcus,  838 
external  orbital  gyrus,  838 
fronto-marginal  sulcus,  838 
gyri  of,  837 
gyrus  rectus,  838 
inferior  frontal  gyrus,  838 

sulcus,  838 
internal  orbital  gyrus,  838 
marginal  gyrus,  838 
middle  frontal  gyrus,  837 

sulcus,  837 
orbital  sulci,  838 
para-medial  sulcus,  837 
posterior  orbital  gyrus,  838 
precentral  sulcus,  837 
rostral  sulci,  838 
submarginal  gyrus,  838 
sulci  of,  837 

sulcus  cinguli   (calloso-marginal  fissure), 
837,  838 

superior  frontal  gyrus,  837 
sulcus,  837 
nerve,  964,  1043 

branches,  964 

course,  964 
operculum,  836 
peduncle  of  thalamus,  861 
pole,  830 

pontile  path  (Arnold's  bundle),  814,  866 
portion  of  internal  capsule  (telencephalon), 
863 

sulcus,  inferior,  838 
middle,  837 
superior,  837 

Fronto-marginal  sulcus,  838 

Functional  areas  of  cerebral  cortex",  868 

Fundus  reflex,  1022 

Fungiform  papilke  of  tongue,  1064 

Funiculi  of  nerves,  756 
of  spinal  cord,  761,  767 

Funiculus,  anterior,  771 

cuneatus  of  medulla  oblongata,  785 
gracilis  of  medulla  oblongata,  784 
separans,  796 

Furcal  nerve,  935 

Furrowed  bands  of  vermis,  790 

Fusiform   gyrus    (occipitotemporal  convolu- 
tion), 835,  843 

G 

Galen,  vein  of,  880 
Ganglia,  aberrant  spinal,  902 
basal,  856 

of  cervical  portion  of  sympathetic  system,  1005 
of  cceliac  plexus,  1014 

connected  with  branches  of  trigeminus  nerve, 
972 

of  lumbar  portion  of  sympathetic  system, 
1010 

of  ninth  nerve  (glosso-pharynseal) ,  980 
renal,  1015 
sacral,  1010 

sympathetic,  1000,  1003 

of  tenth  nerve  (vagus  or  pneumogastric),  9S3 


Ganglia  of  thoracic  portion  of  sympathetic  sys- 
tem, 1008 

Gangliform  enlargements  of  superior  dental 

plexus,  968 
Ganglion,  756 

aortico-renal,  1015 

of  Bochdalek,  968 

cardiac  (ganglion  of  Wrisberg),  1013 

ciliary,  962,  972,  1044 

coccygeum  impar,  1003,  1010 

geniculate,  808,  976 

inferior,  petrous,  or  Anderseh's,  981 

interpeduncular,  861 

jugular,  983 

nodosum  (ganglion  of  trunk),  984 

otic  (Arnold's),  974 

phrenic,  1015 

of  root  of  tenth  nerve,  983 

semilunar  (Gasserian),  808,  963 

spheno-palatine  (Meckel's),  972 

of  spinal  nerves,  901 

spiral,  of  cochlea,  806,  980 

splanchnic,  1009 

submaxillary,  974 

superior  cervical,  1005 

jugular,  or  Ehrenritter's,  980 
mesenteric,  1015,  1016 
sympathetic,  inferior  cervical,  1007 

middle  cervical,  1006 
of  trunk  of  tenth  nerve,  984 
of  Valentine,  968 
vestibular  (of  Scarpa),  805,  979 
Ganglionated  nerve-cords,  1000 
Ganglionic  arteries  of  cerebrum,  879 
Gasserian  ganglion,  808,  963 
Gastric  branches  of  tenth  cranial  nerve,  986 
plexus  of  nerves,  anterior,  986 
inferior,  1016 
superior  (coronary),  1015 
posterior,  986 
Gelatinous  substance  of  Rolando,  762 
General  description  of  eve  and  its  surroundings, 
1019 
of  tongue,  1062 
topography  of  brain,  776 
Geniculate  bodies,  814,  823,  825 

ganglion,  808,  976 
Genio-glossus,  nerves  to,  989 
Genio-hyoid,  nerves  to,  989 
Genital  branch  of  genito-femoral  nerve,  938 
Genitalia,  nerves  to,  956 
Genito-crural  nerve,  937 
Genito-femoral  (genito-crural)  nerve,  937 
branches,  938 
course,  937 
origin,  937 
Genu  of  corpus  eallosum,  777,  831,  866 

inferior,  of  central  sulcus  (fissure  of  Rolando), 
840 

internal  capsule  (telencephalon),  863 
superior,  of  central  sulcus  (fissure  of  Rolando), 
839 

Gingival  branches,  inferior,  of  inferior  dental 
plexus,  971 
superior,  of  superior  dental  plexus,  968 
Glands  of  auricle  (of  ear),  1050 

of  Blanden,  1064 

ceruminous.  1052 

of  eyelids,  1046 

Heme's,  1046 

Krause's,  1046 

lachrymal,  1047 

lingual,  1064 

Meibomian,  1046 

of  Moll,  1046 

nasal,  1072 

of  Nuhn,  1064 

olfactory,  1072 
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Glands,  tarsal  (Meibomian),  1020 
Waldeyer's,  1046 
Zeiss's,  1046  - 
Globus  pallidus,  857 
Glomerular  layer  of  olfactory  bulb,  845 
Glomeruli  of  olfactory  nerves,  959 
Glomus  chorioideum,  853,  898 
Glosso-epiglottic  folds,  1063 
Glosso-pharyngeal  nerves,  778,  9SP 
Glosso-pharyngeus,  nucleus  of,  804 
Gluteal  branches  of  posterior  femoral  cutaneous 
nerve,  946 
nerve,  inferior,  946 
superior,  946 
Golgi  cells  in  cerebellum,  792 
Gowers's  tract,  770,  812 
Granular  layer  of  cerebellar  cortex,  791 
Granulations,  arachnoid,  892 
Great  auricular  nerve,  913 
branches,  914 
course,  913 
origin,  913 
longitudinal  fissure  of  cerebrum,  776 
(anterior)  palatine  nerve,  973 
prevertebral  plexus  of  nerves,  1011 
splanchnic  nerve,  1009 
superficial  petrosal  nerve,  976 
communications,  976 
course,  976 
origin,  976 

Greater  alar  (lower  lateral)  nasal  cartilages,  1068 
coccygeal  perforating  nerve  of  Eisler,  946 
occipital  nerve,  908 
(ciliary)  zone,  1022 
Grey  commissure  of  spinal  cord,  762 

rami  communicantes  of  cervical  portion  of 
sympathetic  system,  1005 
of  inferior  cervical  ganglion,  1007 
of  lumbar  portion  of  sympathetic  system, 
1010 

of  middle  cervical  ganglion,  1006 
of  sacral  portion  of  sympathetic  system, 
1010 

of  thoracic  portions  of  sympathetic  sys- 
tem, 1008~ 
ramus,  906 

substance,  central,  of  mesencephalon,  816 
of  pons  (nuclei  pontis),  813 
of  spinal  cord,  762 
of  telencephalon,  856 
Groove,  neural,  753 
pharyngeal,  1057 
Gross  divisions  of  cerebellum,  787 
Ground  bundles  of  spinal  cord,  766,  768 
Groups  of  cells  forming  nuclei  of  third  cranial 
nerve,  961 
of  ventral  horn  of  spinal  cord,  763 
of  central  or  ganglionic  arteries-  of  cerebrum, 
879 

Gudden's  commissure  (inferior  cerebral  com- 
missure), 822,  830  . 
Gustatory  area  of  cerebral  cortex,  869 

organ,  1064 
Gyri  breves  (precentral  gyri),  837 

cerebrum,  777,  832 

frontal  lobe,  837 

lateral  occipital,  832.  843 

orbital,  832 

origin  of,  832 

superior  occipital,  843 

transitivi,  832 

transverse  temporal,  835 
Gyrus,  angular,  842 

anterior  central,  837 

anterior  cuneo-lingual,  843 
orbital,  838 

cinguli  (cingulum),  846 

cunei,  843 
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Gyrus,  deep  annectant,  840 
external  orbital,  838 
fornicatus,  846 

isthmus  of,  846 
fusiform    (occipito-temporal  convolution), 

835,  843 
hippocampal,  847 
inferior  frontal,  838 

temporal,  835 
internal  orbital,  838 
lateral  olfactory,  844 
lingual,  835,  843 
longus,  837 
marginal,  838 
medial  olfactory,  845 
middle  frontal,  837 

temporal,  834 
posterior  central  (ascending  parietal),  840 

cuneo-lingual,  843 

orbital,  838 
post-parietal,  842 
rectus,  777 

subcallosal  (pedun'cle  of  corpus  callosum),845 
submarginal,  838,  841 
superior  frontal,  837 

parietal,  841 

temporal,  834 
supracallosal,  847 

transitivus  (deep  annectant  gyrus),  843 


H 

Habenulse,  826 

Habenular  commissure,  826 

nucleus,  861 

trigone,  815 
Haemorrhoidal  nerves,  inferior,  956 
middle,  956 
superior,  1016 

plexus  of  nerves,  middle,  1017 
superior,  1016 
Hairs  of  auricle  (of  ear),  1050 

of  nose,  1070 
Halbertsma,  interosseous  crural  nerve  of,  949 
Hand,  nerves  of,  924,  926,  928,  929 
Head  of  caudate  nucleus,  855 
Helicis  major,  1051 

minor,  1051 
Helix,  1050 

crus  of,  1049 

spine  of,  1050 
Helweg's  (Bechterew's)  bundle,  770 
Hemispheres  of  cerebellum,  787 

cerebral,  830 

of  eyeball,  1024 
Henle's  glands,  1046 

Hepatic  branches  of  tenth  cranial  nerve,  986 

plexus  of  nerves,  1016 
Hiatus  semilunaris  of  middle  nasal  meatus,  1071 
Hind  brain,  787 

Hippocampal  commissure  (psalterium  or  lyra), 
848,  866 

digitations,  855 

(dentate)  fissure,  847 

gyrus,  847 
Hippocampus,  847 

cornu  ammonis,  847 

dentate  fascia  of,  847 

fimbria,  847 

gyrus  of,  847 

longitudinal  striae,  847 

major,  847,  855 

minor  (calcar  avis),  843,  847,  854 
substantia  reticularis  alba  (Arnoldi) ,  847 
supracallosal  gyrus,  847 
uncus  of,  847 
Horizontal  fissure  of  cerebellum,  788 
ramus  of  fissure  of  Sylvius,  anterior,  836 
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Horizontal  ramus  of  interparietal  sulcus,  840 
Horner's  muscle,  1046 
Horns  of  spinal  cord,  762 
Humor,  aqueous,  1030 

vitreous,  of  eye,  1029 
Hyaloid  canal  (canal  of  Cloquet),  1030 

membrane,  1029 
Hypogastric  plexuses  of  nerves,  1016 
Hypoglossal  branches  of  twelfth  cranial  nerve, 
989 

eminence  (trigonum  hypoglossi),  796 
nerve,  779,  987 
nucleus  of,  803 
Hyo-glossus,  nerves  to,  989 
Hypophysis  cerebri  (pineal  body  or  gland),  777, 
828 

cerebri,  development  of,  828 
structure  of,  828 

of  diencephalon,  753 
Hypothalamic  nucleus  (body  of  Luys),  861 

sulcus  (sulcus  of  Monro),  826 
Hypothalamus,  859 

optic  portion  of,  826 

I 

Iliac  plexus  of  nerves,  1015 
Ilio-hypogastric  nerve,  936 

branches,  936 

course,  936 

origin,  936 
Ilio-inguinal  nerve,  936 

branches,  937 

course,  936 

origin,  936 
Incisura  marsupialis,  788 
Incisure,  anterior,  of  auricle,  1049 
antitragic,  1049 
of  Santorini,  1051 
terminal  (auricle),  1050 
Incudo-malleolar  articulation,  1054 
Incudo-stapedial  articulation,  1054 
Incus,  1054 

Inferior  alveolar  (dental)  nerve,  970 
branches,  971 
course,  970 
origin,  970 
brachium,  814,  819 

branch  of  third  cranial  (oculo-motor)  nerve, 
962 

cardiac  nerves,  985,  1007 
cerebellar  peduncle,  778 
cerebral  commissure,  830 
cervical  ganglion  of  sympathetic,  1007 
branches,  1007 
communications,  1007 
situation,  1007 
clunial  (gluteal)  branches  of  posterior  femoral 

cutaneous  nerve,  946 
colliculi,  814 

nucleus,  819 
cornu  of  lateral  ventricle,  854 
dental  branches  of  inferior  dental  plexus,  971 

plexus,  971 
division  of  axillary  (circumflex)  nerve, -921 
fovea  of  floor  of  fourth  ventricle,  796 
frontal  gyrus,  838 

sulcus,  838 
(petrous  or  Andersch's)  ganglion,  981 
branches,  981 
communications,  981 
situation,  981 
gastric  plexus  of  nerves,  1016 
genu  of  central  sulcus  (fissure  of  Rolando), 
840 

gingival  branches  of  inferior  dental  plexus, 
971 

gluteal  nerve,  946 


Inferior  hemorrhoidal  nerves,  956 
labial  branches  of  labial  nerve,  971 
laryngeal  nerve,  985 
longitudinal  fasciculus,  867 
margin  of  pons,  787 

medial  clunial  (perforating  cutaneous)  nerve, 
946 

mesenteric  plexus  of  nerves,  1016 
nasal  meatus,  1071 

nerves,  posterior,  974 
nucleus  of  vestibular  nerve,  806 
oblique  muscle  of  eye,  1036 
olivary  nucleus,  783,  800 
ophthalmic  vein,  1043 
palpebral  branches  of  maxillary  nerve,  968 

folds,  1020 
parietal  lobule,  841 
peduncle  of  cerebellum,  793 

of  thalamus,  861 
pontine  sulcus,  787 

portion  of  eleventh  cranial  nerve,  986 
floor  of  fourth  ventricle,  795 

postcentral  sulcus,  840 

quadrigeminate  body,  819 

semilunar  lobe  of  cerebellum,  789 

temporal  gyrus,  835 

thyreoid  plexus  of  nerves,  1007 
*  vermis,  790 

vesical  nerves,  956,  1018 
Infero-lateral  border,  830 

Infra-clavicular  portion  of  brachial  plexus,  920 
Infra-mandibular  branch  of  cervico-facial  nerve, 
979 

Infra-orbital  artery,  1042 

branches  of  cervico-facial  nerve,  979 

nerve,  966,  968 

plexus,  966,  968 
Infratrochlear  nerve,  966 
Infundibular  recess,  827 
Infundibulum  of  cerebrum,  777,  828 

in  middle  nasal  meatus,  1071 
Inner  can  thus,  1019 

cord  of  brachial  plexus,  917 

layer  of  spinal  pia  mater,  895 

surface  of  arachnoid,  891 
of  cranial  dura  mater,  886 

pia  mater,  896 
of  spinal  dura  mater,  884 

palpebral  ligament  (tendo  oculi),  1046 

wall  of  posterior  cornu  of  lateral  ventricle,  854 
Innermost  (nervous)  coat  of  eye,  1028 
Insertions  of  muscles  of  eyeball,  1023 
Insula,  777,  836 

central  sulcus  of,  836 

claustrum  of,  857 

gyri  breves  (precentral  gyri),  837 

gyrus  longus,  837 

limen  of,  836 
Interbrain,  823 

Intercostal  nerves,  thoracic,  932 

Intercosto-brachial  nerve,  932 

Intercosto-humeral  nerve,  932 

Interfascial  (Tenon's)  space,  1040 

Intermediate  dorsal  cutaneous  nerve,  of  leg,  954 
fasciculus  (mixed  lateral  zone),  771 
group  of  cells  of  ventral  horn  of  spinal  cord, 
763 

olfactory  stria,  844,  845 
plexus,  1013 

portion  of  floor  of  fourth  ventricle,  796 
Internal  anterior  thoracic  nerve,  920 
arcuate  fibres,  799,  801 
branch  of  eleventh  cranial  nerve,  987 

lateral  cutaneous  nerve,  938 

spheno-palatine  (Meckel's)  ganglion,  973 

superior  laryngeal  nerve,  985 
capsule  (telencephalon),  832,  856,  863 
carotid  nerve,  1005 
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Internal  carotid  plexus  of  nerves,  1005 

cruciate  branch  of  superficial  peroneal  (mus- 

culo-cutaneous)  nerve,  954 
cutaneous  branch,  posterior,  of  radial  nerve, 
922 
nerve,  920 
lesser,  920 
of  thigh,  939 
deep  branches  of  cervical  plexus,  915 
ear,  1057 

arteries,  1061 
development,  1061 
labyrinth  of,  1057 
nerves,  1061 
veins,  1081 
mammary  plexus  of  nerves,  1007 
maxillary  plexus  of  nerves,  1006 
medullary  lamina  of  lenticular  nucleus,  857 

of  thalamus,  860 
nasal  branches  of  maxillary  nerve,  968 
occipital  border,  830 
orbital  border,  830 

gyrus,  838 
parieto-occipital  fissure,  843 
popliteal  nerve,  948 
pterygoid  muscle,  nerve  to,  969 
spinal  veins,  775 
striate  arteries,  879 
structure  of  cerebellum,  791 
of  medulla  oblongata,  797 
of  mesencephalon,  816 
of  pons,  797,  810 
of  prosencephalon,  856 
of  spinal  cord,  761 
Interosseous  crural  nerve  (Halbertsma),  949 
nerve,  posterior,  922 
volar  (anterior),  928 
Interparietal  sulcus  (intraparietal),  840 
Interpeduncular  fossa,  777,  815 

ganglion,  861 
Intervaginal  space  of  optic  nerve,  1040 
Interventricular  foramen  (foramen  of  Monro), 
826 

Intumescentia  tympanica,  981 
Intra-cranial  portion  of  optic  nerve,  961 
Intra-ocular  portion  of  optic  nerve,  960 
Intra-orbital  portion  of  optic  nerve,  960 
Intra-osseous  portion  of  optic  nerve,  960 
Intraparietal  sulcus,  840 
Intraventricular  foramina  (Monroi),  851,  852 
Intrinsic  muscles  of  tongue,  1066 
Iris,  1021,  1026 

crypts  of,  1022 
Island  of  Reil  (central  lobe),  777 
Isthmus  of  auricle,  1050 

gyrus  fornicatus,  846 

tuba  audit iva  (Eustachian  tube),  1057 


J 

Jacobson,  nerve  of,  981 

organ  of,  1070 
Jugular  ganglion,  980,  983 

nerve,  1006 

wall  (floor)  of  tympanic  cavity,  1053 
K 

Knee,  nerves  of,  949 
Krause's  glands,  1046 

L 

Labial  branches,  inferior,  of  labial  nerve,  971 
superior,  of  maxillary  nerve,  968 
nerve,  anterior,  937 
posterior,  957 


Labyrinth,  membranous,  1057 
osseous,  1057 

(medial)  wall  of  tympanic  cavity,  1053 
Lachrymal  apparatus,  1047 
canal,  1048 
caruncle,  1020,  1022 
gland,  1047 
nerve,  965,  1044 
branches,  965 
course,  965 
papilla,  1020 
punctum,  1020 
sac,  1048 
Lacunae,  venous,  of  dura,  890 
Lamina,  anterior  elastic,  of  cornea,  1026 
basal  (vitreous),  of  chorioid,  1026 
basilaris  of  membranous  labyrinth,  1060 
chorio-capillaris,  1026 
cribrosa,  960,  1022,  1025,  1041 
epithelial  chorioid,  853,  898 
medullary,  of  lenticular  nucleus,  857 

thalamus,  860 
posterior  elastic,  of  cornea,  1026 
quadrigemina,  814 
rostral,  of  corpus  callosum,  831 
terminalis,  827,  850 
tragi,  1050 
Lamina?  of  cerebellum,  787 
medullary,  of  cerebellum,  791 
of  orbital  fascia,  1039 
of  septum  pellucidum,  850 
of  tuba  auditiva,  1057 
Large  cavernous  nerve  of  penis,  1018 
Laryngeal  nerve,  superior,  984 
Laryngopharyngeal  branches  of  superior  cer- 
vical ganglion,  1006 
Last  thoracic  nerve,  933 
Lateral  accessory  olivary  nucleus,  801 

ampullar  branch  of  vestibular  ganglion,  980 
antibrachial  cutaneous  nerve,  924 
apertures  of  fourth  ventricle,  795 
brachial  cutaneous  nerve,  921 
branches  of  infra-clavicular  portion  of  bra- 
chial plexus,  920 
of  last  thoracic  nerve,  933 
of  posterior  primaiy  division  of  fifth  lum- 
bar nerve,  910 
of  fourth  lumbar  nerve,  910 
of  last  five  cervical  nerves,  908 
of  lower  six  thoracic  nerves,  909 
of  sacral  nerves,  910 
of  second  cervical  nerve,  908 
of  spinal  nerve-trunks,  905 
of  upper  six  thoracic  nerves,  909 
of  upper  three  lumbar  nerves,  910 
of  second  thoracic  nerve,  932 
of  thoracic  nerves,  905 
of  thoracoabdominal  nerves,  933 
calcaneal  branches  of  sural  nerve,  953 
cerebral  fissure  (fissure  of  Sylvius),  777 
cerebro-spinal  fasciculus  (crossed  pyramidal 

tract),  769 
column  of  spinal  cord,  769 
cutaneous  branch  of  ilio-hypogastric  nerve, 
936 

of  thoracic  nerves,  932 
nerves,  938 

of  abdomen,  933 
dorsal  cutaneous  nerve  of  foot,  953 
eminence  of  lateral  ventricle,  854 
fasciculus  proprius,  769 
fissure  (fissure  of  Sylvius),  835 
funiculus  of  spinal  cord,  761,  767,  769 
geniculate  body,  814,  825 
ground  bundle  of  spinal  cord,  769 
group  of  cells  of  ventral  horn  of  spinal  cord, 
763 

horn  of  spinal  cord,  763 
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Lateral  lemniscus,  799,  812,  819,  820 
nucleus  of,  807,  820 
limiting  layer  of  spinal  cord,  769 
longitudinal  stria  of  corpus  callosum,  831 

hippocampus,  847 
mammary  branches  of  thoracic  nerves,  932 
nasal  cartilages,  1068 
nucleus  of  thalamus,  824,  860 

(Deiters')  of  vestibular  nerve,  805 
occipital  gyri,  832,  843 

sulcus,  843 
olfactory  gyrus,  844 

stria?,  844 
plantar  nerve,  951 
branches,  952 
course,  951 
origin,  951 

posterior  superior  nasal  branches  of  spheno- 
palatine (Meckel's)  ganglion,  973 

recesses  of  fourth  ventricle,  795 
of  medulla,  786 

root  of  optic  tract,  829 

sulcus  of  mesencephalon,  815 

sural  cutaneous  nerve,  952 

ventricles,  832,  851 
alveus,  855 

amygdaloid  nucleus,  854 

tubercle  of,  854 
body  (central  portion),  852 
caudate  nucleus,  855 
chorioid  plexus,  853,  854,  898 
collateral  trigone,  854 
contents,  851 
cornua  of,  852,  853 
epithelial  chorioid  lamina,  853 
fimbria  of,  855 
floor  of,  853 
forceps  major,  854 
glomus  chorioideum,  853 
hippocampus  major,  855 

minor,  854 
lateral  eminence  of,  854 
lining  membrane  of,  851 
taenia  fimbriae,  855 
tapetum  of  posterior  cornu,  853 
walls  of,  852 
wall  of  inferior  cornu  of  lateral  ventricle,  854 
of  nasal  fossa,  1071 

of  posterior  cornu  of  lateral  ventricle,  853 

zone,  mixed,  771 
Layers  of  cortex  of  cerebellum,  791 

embryonal,  of  olfactory  bulb,  845 

of  Purkinje  cells  in  cerebellar  cortex,  791 

of  spinal  pia  mater,  894 

of  tympanic  membrane,  1053 
Least  splanchnic  nerve,  1009 
Left  coronary  plexus,  1013 

phrenic  nerve,  916 

vagus  nerve,  982 
Leg,  nerves  of,  948 
Lemnisci  of  medulla  oblongata,  799 

decussation  of,  786 
Lemniscus,  785,  797,  811,  812,  819 

accessory,  of  Bechterew,  865 

lateral,  nucleus  of,  807 
Length  of  cerebellum,  787 

of  medulla  oblongata,  782 

of  pons,  787 

of  spinal  cord,  756 
Lenticular  nucleus,  856,  857 
claustrum,  858 
globus  pallidas,  857 
medullary  lamina,  857 
putamen  of,  857 

papilla?  of  tongue,  1064 
Lenticulo-caudate  group  of  arteries,  880 
Lenticulo-thalamic  group  of  arteries,  880 
Lesser  alar  (sesamoid)  nasal  cartilage,  1069 


Lesser  internal  cutaneous  nerve,  920 

splanchnic  nerve,  1009 

(pupillary)  zone,  1022 
Levator  palpebral  superioris,  1035 

scapulae,  nerves  to,  915 
Lienal  plexus  of  nerves,  1016 
Ligamenta  denticulata,  884 
Ligaments  of  auricle  (of  ear),  1051 

check,  of  eyeball,  1040 

coccygeal,  884 

denticulate,  893 

orbito-tarsal.  1038 

of  ossicles  of  ear,  1055 

palpebral,  1019,  1046 

spiral,  of  cochlea,  1060 

suspensory,  of  eyeball,  1039 

suspensory,  of  lens  of  eye,  1029 

of  Zinn,  1034 
Ligamentum  denticulatum,  895 

pectinatum  iridis,  1026 
Ligula  (taenia  ventriculi  quarti),  779,  795 
Limbic  lobe,  844,  845 
alveus,  847 

anterior  cerebral  commissure,  850 
corpus  mammillare,  849 
fornix  of,  847 

hippocampal  commissure,  848 
parts  of,  846 

pedunculo-mammillary  fasciculus,  849 
septum  pellucidum,  850 
thalamo-mammillary    fasciculus  (bundle 

of  Vicq  d'Azyr),  849 
Verga's  ventricle,  848 
Limbs,  cutaneous  nerve-supply,  993 
Limbus  of  cornea,  1025 

of  tympanic  membrane,  1053 
Limen  of  insula,  836,  844 
nasi,  1071 

Limiting  sulcus  of  floor  of  fourth  ventricle,  796 

of  Reil,  836 
Linea  splendens,  895 
Lingual  arteries,  1066 

branches  of  ninth  nerve  (glosso-pharyngeal), 
981 

of  seventh  (facial)  nerve,  977 
follicles,  1064 
glands,  1064 
gyrus,  835,  843 
nerve,  969,  1066 

branches,  970 

course,  969 

relations,  969 
papillae,  1063 
plexus  of  nerves,  1006 
septum,  1064 
tonsil,  1064 
veins,  1066 
Lingula  cerebelli  (lingula  vermis),  789,  812 
Lissauer,  marginal  zone  of,  769 
Lobe,  central,  836 
frontal,  837 

inferior  semilunar,  of  cerebellum,  789 

limbic,  844,  845 

occipital,  842 

olfactory,  844 

parietal,  777,  840 

quadrate,  842 

temporal,  of  cerebrum,  834 

uvular,  of  cerebellum,  791 
Lobes  of  brain,  777 

of  cerebellum,  788 

of  telencephalon,  833 
Lobule  of  auricle  of  ear,  1050 

central,  789 

of  cerebellum.  788 

inferior  parietal,  841 

paracentral,  S37,  842 

superior  parietal,  841 
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Lobulus  gracilis  anterior,  789 

posterior,  789 
Locus  caeruleus  of  floor  of  fourth  ventricle,  797 
Loewenthal's  tract,  771 
Long  buccal  nerve,  969 

ciliary  nerves,  966 

posterior  ciliary  arteries,  1031 

pudendal  nerve,  946 

root  of  ciliary  ganglion,  966 

subscapular  nerve,  920 
Longitudinal  bundle,  posterior,  800 

fasciculus,  inferior,  867 
medial,  800,  822 
superior,  867 

fibres  of  pons,  810 

fissure  of  cerebrum,  776,  830 

striae  of  corpus  callosum,  831,  867 
of  hippocampus,  847 
Longitudinalis  inferior,  1066 

superior,  1066 
Longus  capitis,  nerves  to,  916 

colli,  nerves  to,  916,  920 
Lower  branch  of  superior  gluteal  nerve,  946 

eyelid,  1020 

limb,  cutaneous  areas  of,  995 
subscapular  nerve,  921 

two  sacral  nerves,  posterior  primary  divisions, 
910 

Lumbar  enlargement  of  spinal  cord,  758 
nerves,  909,  935 

posterior  primary  divisions,  909 
plexus,  935 

branches  of,  936 
composition  of  nerves  of,  935 
situation  of,  936 
portion  of  spinal  cord,  758 
of  sympathetic  system,  1010 
branches,  1010 
communications,  1010 
construction,  1011 
ganglia,  1010 
Lumbo-inguinal    (crural)    branch   of  genito- 
femoral nerve,  938 
Lumbo-sacral  plexus,  905,  935 

trunk,  943 
Luys,  body  of,  861 
Lymph  spaces  of  cornea,  1025,  1033 

great,  of  central  nervous  system,  894 
of  iris,  1033 
of  optic  nerve,  1040 
supravaginal,  of  optic  nerve,  1040 
Lymphatic  system  of  eyeball,  1032 
of  orbit,  1044 
vessels  of  eyelids,  1046 
Lymphatics  of  auricle  (of  ear),  1051 

of  external  acoustic  (auditory)  meatus,  1052 
of  nose,  1070,  1073 
Lyra,  hippocampal,  848 

M 

Macula  acustica  sacculi,  1058 

utriculi,  1058 
lutea  (yellow  spot),  1022 
Magendie,  foramen  of,  779,  795 
Malar  branch  of  maxillary  nerve,  967 

of  temporo-facial  nerve,  978 
Malleolar  folds  of  tympanic  mucous  membrane, 

1056 

ligaments  of  ossicles  of  ear,  1055 
prominence  of  tympanic  membrane,  1052 
recesses  of  tympanic  mucous  membrane,  1056 
stria  of  tympanic  membrane,  1052 
Malleus,  1054 

Mammary  branches,  lateral,  of  thoracic  nerves, 
932 

medial,  of  thoracic  nerves,  933 
plexus  of  nerves,  internal,  1007 


Mammillary  bodies,  777,  823 
Mandibular  branches  of  cervico-facial  nerve, 
979 

nerve  (third  division  of  trigeminus),  968 

branches,  969 

course,  968 

formation  of,  968 

relations,  969 
Marginal  fasciculus,  anterior,  771 
gyrus,  838 

mandibular  branch  of  cervico-facial  nerve, 
979 

portion  of  sulcus  cinguli,  838 

zone  of  Lissauer,  769 
Margins  of  pons,  787 
Massa  intermedia,  824 
Masses,  tigroid,  751 
Masseteric  nerve,  969 

Mastoid  branch  of  great  auricular  nerve,  914 
of  small  occipital  nerve,  913 

(posterior)  wall  of  tympanic  cavity,  1053 
Mater,  dura,  882 

pia,  894 

Maxillary  division  of  fifth  nerve,  1044 

nerve  (second  division  of  trigeminus),  966 
branches,  967 
course,  966 
origin,  966 
plexus  of  nerves,  external,  1006 
internal,  1006 
Meatus,  external  acoustic  (auditory),  1051 
Meatuses,  nasal,  1071 
Meckel's  caves,  889 

ganglion,  972 
Medial  accessory  olivary  nucleus,  801 

antibrachial  (internal)  cutaneous  nerve,  920 

aperture  of  fourth  ventricle,  795 

brachial   (lesser  internal)  cutaneous  nerve 

(nerve  of  Wrisberg),  920 
branches  of  posterior  primary  divisions  of 
lower  six  thoracic  nerves,  908 
of  lumbar  nerves,  909 
of  sacral  nerves,  910 
of  second  cervical  nerve,  908 
of  spinal  nerve-trunks,  905 
of  third,  fourth,  and  fifth  cervical 

nerves,  908 
of  upper  six  thoracic  nerves,  908 
calcaneal  (calcaneo-plantar  cutaneous)  nerve, 
949 

clunial  nerve,  inferior,  946 

deep  temporal  nerve,  969 

dorsal  cutaneous  nerve,  of  leg,  954 

eminence  of  floor  of  fourth  ventricle,  796 

geniculate  body,  814,  825 

lemniscus,  800,  812,  819,  820 

longitudinal   fasciculus    (posterior  longitu- 
dinal bundle),  800,  822 
stria  of  corpus  callosum,  831 
of  hippocampus,  847 

mammary  branches  of  thoracic  nerves,  933 

nucleus  of  thalamus,  824,  860 

(Schwalbe's)  of  vestibular  nerve,  805 

olfactory  gyrus,  845 
striae,  844 

plantar  nerve,  949 
branches,  949 
course,  949 
origin,  949 

posterior  superior  nasal  (septal)  branches  of 

spheno-palatine  (Meckel's)  ganglion,  973 
sural  cutaneous  nerve,  949 
surface  of  cerebral  hemisphere,  830 
w-all  of  inferior  cornu  of  lateral  ventricle,  854 
of  nasal  fossae,  1070 
Median  dorsal  vein  of  spinal  cord,  775 

fissure,  of  medulla  oblongata,  posterior,  785 
of  spinal  cord,  anterior,  761 
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Median  fissure  of  spinal  cord,  posterior,  761 
nerve,  926 

branches,  928 

course,  927 

origin,  926 
sulcus  of  floor  of  fourth  ventricle,  796 
triangle  (spinal  cord),  768 
Medulla  oblongata,  778,  782 

accessory  olivary  nuclei,  801 

antero-lateral  sulcus  of,  783 

arcuate  fibres,  801 

arteries  of,  881 

blood-vessels  of,  881 

calamus  scriptorius,  784 

central  canal  of,  802 

connections  of  cranial  nerves,  803 

cerebello-olivary  fibres,  801 

clavus,  785,  799 

corpus  trapezoideum,  807 

cuneate  tubercle  of,  799 

decussation  of  lemnisci,  786 

dorsal  aspect  of,  784 

fillet  of,  797 

foramen  caecum,  782 

fossa  rhomboidea,  786 

funiculus  cuneatus,  785 
gracilis,  784 

inferior  olivary  nucleus,  783,  800 

internal  arcuate  fibres,  799 
structure  of,  797 

lateral  recesses,  786  ' 

lemnisci,  797,  799 

length  of,  782 

medial  longitudinal  fasciculus,  800 

median  veins  of,  881 

nuclei  of  acoustic  nerve,  805 

of  cranial  nerves  in,  803 

trapezoidei,  807 

of  trigeminus  nerve,  808 
nucleus  of  abducens  nerve,  808 

of  ala  cinerea,  805 

arcuatus,  802 

of  facial  nerve,  808 

funiculi  cuneati,  799 
gracilis,  799 

of  glosso-pharyngeus,  804 

of  hypoglossal  nerve,  803 

of  spinal  accessory,  803 

of  vagus  or  pneumogastric,  804 
obex,  786 

posterior  median  fissure  of,  785 

pyramids  of,  782 

raphe  of,  799 

restiform  body,  784 

reticular  formation  of,  800 

solitary  tract,  805 

substantia  grisea  centralis,  802 

tuberculum  cuneatum,  785 

veins  of,  881 

ventral  aspect  of,  782 

weight  of,  782 
spinalis,  756 
Medullary  body  of  cerebellum,  787 
lamina  of  lenticular  nucleus,  857 

of  thalamus,  860 
laminae  of  cerebellum,  791 
velum,  anterior,  789,  793,  795 

posterior,  790,  795 
Medullated  axones,  750 

Medullation  of  fasciculi  of  spinal  cord,  order  of, 
774 

Meibomian  glands,  1020,  1046 
Meissner,  plexus,  1016 
Membrana  suprachorioidea,  1026 
Membrane,  Bowman's,  1026 

of  Bruch,  1026 

of  Descemet,  1026 

hyaloid,  1029 


Membrane,  mucous,  of  tongue,  1063 

pituitary  or  Schneiderian,  1072 

secondary  tympanic,  1061 

Shrapnell's,  1053 

tympanic,  1052 
mucous,  1055 

vestibular  (membrane  of  Reissner),  1061 
Membranes  of  central  nervous  system,  882 
Membranous  ampulla?,  1059 

cochlea,  1059 

labyrinth,  1057 

nasal  septum,  1070 

semicircular  canals,  1059 

(lateral)  wall- of  tympanic  cavity,  1054 
Meningeal  arteries,  890 

branch  of  maxillary  nerve, middle  (recurrent), 
967 

of  ophthalmic  nerve,  recurrent,  964 
of  spinal  nerve-trunks  (recurrent),  907 
of  tenth  nerve  (recurrent),  984 
nerves,  891 

plexus  of  nerves,  1006 

veins,  891 
Meninges,  882 

great  lymph -space  of,  894 

relation  to  spinal  nerves,  902 
Mental  nerve,  971 

Mesencephalic  root  of  fifth  cranial  (trigeminal) 

nerve,  964 
Mesencephalon,  753,  779,  814 
blood-vessels  of,  880 
internal  structure  of,  816 
veins  of,  880 
ventral  surface  of,  815 
Mesenteric  ganglion,  superior,  1015,  1016 
plexus  of  nerves,  inferior,  1016 
superior,  1016 
Mesial  root  of  optic  tract,  829 
surface  of  diencephalon,  826 
of  occipital  lobe,  843 
Metathalamus  (geniculate  bodies),  823,  825 
Meynert,  fasciculus  retroflexus,  821,  861 
Mid-brain,  814 
Middle  ear,  1052 

blood-vessels  of,  1056 
development  of,  1057 
nerves  of,  1056 
ossicles,  1054 
tympanic  cavity,  1053 
membrane,  1052 
cardiac  nerve,  1007 
coat  of  eye,  1026 

cervical  ganglion  of  sympathetic,  1006 
branches,  1007 
communications,  1006 
situation,  1006 
clunial  nerves,  910 
cutaneous  nerve  of  thigh,  938 
frontal  gyrus,  837 

sulcus,  837 
tlaemorrhoidal  nerves,  956 

plexus  of  nerves,  1017 
(recurrent)  meningeal  branch  of  maxillary 

nerve,  967 
nasal  meatus,  1071 
(external)  palatine  nerve,  974 
peduncle  of  cerebellum,  793 
portion  of  fourth  ventricle,  795 
root  zone,  767 
subscapular  nerve,  920 
superior  alveolar  (dental)  nerve.  968 
supra-clavicular  branches  of  cervical  plexus, 

915 

temporal  gyrus,  834 
sulcus,  835 
Mitral  cells  of  olfactory  bulb,  845 
Mixed  lateral  zone,  771 

nerve-trunk,  902 
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Molecular  layer  of  cerebellar  cortex,  791 
Moll,  glands  of,  1046 
Monro,  foramina  of,  826,  851,  852 
Monticulus  of  cerebellum,  788 
Morphology  of  spinal  cord,  external,  757 
Moss  fibres  of  cerebellum,  792 
Motor  fibres  of  ninth  nerve  (glosso-pharyngeal), 
982 

of  tenth  cranial  nerve,  986 
nerve  of  tongue,  nucleus  of,  803 
nerves  of  orbit  ,  1043 
nuclei  of  trigeminus  nerve,  810 
root  (portio  minor)  of  fifth  cranial  (trigemi- 
nal) nerve,  808,  964 
of  seventh  (facial)  nerve,  975 
of  spheno-palatine  (Meckel's)  ganglion,  972 
of  spinal  nerves,  901 
Movements  of  eye,  1037 
Mucous  layer  of  tympanic  membrane,  1053 
membrane,  nasal,  1072 
of  tongue,  1063 
tympanic,  1055 
Muller,  muscles  of,  1035,  1038,  1046 
Muscle,  ciliary,  1026 

orbicularis,  of  eyelid,  1044 
superior  tarsal,  1035 
Muscles  of  auricle  (of  ear),  1051 
Horner's,  1046 

innervated  by  third  cranial  nerve  (oculo- 
motor), 961 

longitudinalis  inferior,  1006 
superior,  1066 

Midler's,  1035,  1038,  1041 

of  nose,  1070 

ocular,  1034 
action,  1036 
insertion,  1035 
origin,  1034 

of  orbit  ,  1034 

of  ossicles  of  ear,  1055 

recti,  of  eye,  1035 

tarsal,  1046 

of  tongue,  1064 

transversus  linguae,  1066 

verticalis  lingua,  1066 
Muscle-sheaths  of  orbital  fascia,  1035 
Muscular  branches  of  deep  peroneal  (anterior 
tibial)  nerve,  954 
of   deep   radial    (posterior  interosseous) 
nerve,  923 

of  femoral  (anterior  crural)  nerve,  938,  941 

of  intercostal  nerves,  932 

of  lateral  plantar  nerve,  952 

of  lumbar  plexus,  936 

of  medial  plantar  nerve,  949 

of  median  nerve,  928 

of  ninth  nerve  (glosso-pharyngeal),  981 

of  obturator  nerve,  942 

of  pudendal  plexus,  956 

of  radial  (musculo-spiral)  nerve,  922 

of  sacral  plexus,  946 

of  sciatic  nerve,  948 

of  superficial  peroneal  (musculocutaneous ) 

nerve,  954 
of  thoraco-abdominal  nerves,  933 
of  tibial  nerve,  949 

of  twelfth  cranial  nerve  (hypoglossus),  989 
Musculo-cutaneous  nerve,  924,  954 
Musculo-spiral  nerve,  922 
Musculus  ciliaris  Riolandi,  1045 
Mylo-hyoid  branch  of  inferior  alveolar  (dental) 
nerve,  971 

N 

Names  of  cranial  nerves,  957 
Nares,  1067,  1070 

Nasal  branches  of  anterior  ethmoidal  nerve, 
966 


Nasal  branches,  external,  of  maxillary  nerve, 
968 

internal,  of  maxillary  nerve,  968 
cartilages,  1068 
cavity,  1070 
fossa? ,  1070 
glands,  1072 

mucous  membrane  (pituitary  or  Schneiderian 

membrane),  1072 
nerve,  966 

nerves,  posterior  inferior,  974 
septum,  cartilaginous,  1070 
membranous,  1070 
osseous,  1070 
Naso-ciliary  (nasal)  nerve,  966,  1043 
branches,  966 
course,  966 
Naso-lachrymal  duct,  1048 
Naso-palatine  nerve,  973 
Naso-pharyngeal  meatus,  1072 
Neck,  cutaneous  areas  of,  991 

of  dorsal  horn  of  spinal  cord,  762 
Nerve,  abducens,  778,  808,  974 
accessory  obturator,  943 
acoustic,  778,  1061 

nuclei  of,  805 
anterior  crural  (femoral),  938 
ethmoidal,  966 

superior  alveolar  (dental),  968 
tibial,  954 
of  Arnold,  984 

to  articularis  genu  (subcrureus),  941 

auriculo-temporal,  971 

axillary  (circumflex),  921 

buccinator  (long  buccal),  969 

cervico-facial,  978 

chorda  tympani,  977 

of  clitoris,  dorsal,  957 

coccygeal,  910 

cochlear,  980 

common  peroneal,  952 

of  Cotunnius,  973 

cutaneous  perforating,  of  thigh,  946 
deep  peroneal,  954 

radial  (posterior  interosseous),  922 
dorsal  scapular,  919 
eighth  cranial,  778,  979 

of  Eisler,  greater  coccygeal  perforating,  946 
eleventh  cranial,  778,  986 
external  anterior  thoracic,  920 

popliteal,  952 
to  external  pterygoid  muscle,  969 
external  respiratory,  of  Bell,  919 
facial,  778,  808,  975 
fibres,  747 
fifth  cervical,  90S 

cranial,  778,  963 
first  cervical,  907 

cranial,  777,  959,  1073 
fourth  cervical,  908 

cranial,  777,  962 
frontal,  964,  1043 
furcal,  935 

genito-femoral  (genito-crural),  937 
glosso-pharyngeal,  778,  980 
great  auricular,  913 

(anterior)  palatine,  973 

splanchnic,  1009 

superficial  petrosal,  976 
greater  occipital,  908 
hypoglossal,  779,  987 

nucleus  of,  803 
ilio-hypogastric,  936 
ilio-inguinal,  936 
inferior  alveolar  (dental),  970 

cardiac,  1007 

gluteal,  946 

or  recurrent  laryngeal,  985 
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Nerve,  inferior  medial  clunial,  946 
infra-orbital,  966,  968 
infratrochlear,  966 
intercosto-brachial,  932 
intercosto-humeral,  932 
intermediate  dorsal  cutaneous,  of  leg,  954 
internal  anterior  thoracic,  920 

carotid,  1005 

popliteal,  948 

pterygoid  muscle,  969 
interosseous  crural  (Halbertsma),  949 
of  Jacobson,  981 
jugular,  1006 
lachrymal,  965,  1044 
last  thoracic,  933 

lateral  antibrachial  cutaneous,  924 

cutaneous,  938 
brachial,  921 

dorsal  cutaneous,  of  foot,  953 

plantar,  951 

sural  cutaneous,  952 
least  splanchnic,  1009 
lesser  internal  cutaneous,  920 

splanchnic,  1009 
lingual,  969 
long  pudendal,  946 

thoracic,  919 
lower  subscapular,  921 

mandibular  (third  division  of  trigeminus), 
968 

masseteric,  969 
maxillary,  966 

medial  antibrachial  (internal)  cutaneous,  920 

brachial  cutaneous,  920 

dorsal  cutaneous,  of  leg,  954 

plantar,  949 

sural  cutaneous,  949 
median,  926 
mental,  971 
middle  cardiac,  1007 

cutaneous,  of  thigh,  938,  939 

(external)  palatine,  974 

superior  alveolar  (dental),  968 
musculo-cutaneous,  924,  954 
naso-ciliary  (nasal),  966 
naso-palatine,  973 
ninth  cranial,  778,  980 
obturator,  941 
to  obturator  internus,  946 
oculomotor  or  third,  777,  818,  961 
olfactory,  777,  959,  1073 
ophthalmic,  964 
optic,  777,  828,  959,  1040 
of  penis,  dorsal,  957 
pericardiac,  916 
perineal,  956 
phrenic,  916 

pneumogastric  (vagus),  778,  982 
to  popliteus,  949 
posterior  auricular,  977 

belly  of  digastric,  977 

femoral  cutaneous,  945 

(small)  palatine,  974 
to  pronator  teres,  928 
pudic,  956 

to  quadratus  femoris,  946 
radial  (musculo-spiral) ,  922,  923 
to  rectus  capitis  anterior,  916 

lateralis,  916 
to  rectus  femoris,  941 
recurrent  articular,  of  leg,  954 

laryngeal,  985 
to  rhomboids,  919 
saphenous,  941 
sciatic  (n.  ischiadicus),  947 
second  cervical,  908 

cranial,  777,  828,  959,  1040 
seventh  cranial  (facial)',  778,  975 


Nerve,  sixth  cranial,  778,  974 
small  occipital,  912 
sciatic,  945 

superficial  petrosal,  981 
smallest  occipital,  908 
to  soleus,  949 
spinal  accessory,  778,  986 

nucleus  of,  803 
spinous  (recurrent),  969 
to  stapedius  muscle,  977 
to  sterno-mastoid,  915 
to  stylo-glossus,  989 
to  stylo-hyoid,  977 
to  subclavius,  919 
sublingual,  970 
sub-occipital,  907 
superficial  cervical  cutaneous,  914 

peroneal,  954 

radial,  923 
superior  cervical  cardiac,  1006 

gluteal,  946 
suprascapular,  919 
supra-orbital,  965,  1043 
supratrochlear,  1043 
sural  (external  or  short  saphenous),  952 
temporo-facial,  978 
tenth  cranial,  778,  982 
third  cervical,  908 

cranial,  777,  818,  916 
thoraco-dorsal  (middle,  or  long)  subscapular, 

920 

to  thyreo-hyoid,  989 
tibial,  948 

communicating,  949 
transverse  cervical,  914 
trigeminus,  nuclei  of,  808,  816 
trochlear  or  fourth,  777,  817,  962 
twelfth  cranial,  779,  987 
ulnar,  924 

collateral,  922 
upper  (short)  subscapular,  920 
to  vastus  intermedius  (crureus),  941 

medialis,  941 

lateralis,  941 
vestibular,  979 

nuclei  of,  805 
Vidian,  973 

volar  (anterior)  interosseous,  928 
of  Wrisberg,  920,  976 
zygomatic,  1044 
Nerve-cell,  750 

Nerve-cords,  ganglionated,  1000 
Nerves,  756 

acoustic  or  auditory,  979 
to  adductor  magnus,  948 
to  anconeus,  922 
ano-coccygeal,  957 
anterior  labial,  937 

scrotal,  937 
of  arm,  920 
of  auricle  of  ear,  1051 
to  biceps  (thigh),  948 
forming  brachial  plexus,  917 
calcaneo-plantar  cutaneous,  949 
cavernous,  of  penis,  1018 
cerebro-spinal,  747,  901 
cervical,  907,  911 
ciliary,  of  eyeball,  1030 
of  clitoris,  cavernous,  1018 
common  plantar  digital,  951,  952 

volar  digital,  of  hand,  928 
cranial,  777,  957 

central  connections  of,  803 

nuclei  in  medulla  oblongata,  803 
of  cranial  dura  mater,  891 
cutaneous,  of  thigh,  938 
to  diaphragm,  916 
deep  temporal,  969 
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Nerves,  dorsal  digital,  of  foot,  953 
of  hand,  924 
eighth  cranial  (acoustic  or  auditory),  778,  979 
eleventh  cranial  (spinal  accessory),  778,  986 
of  external  acoustic  (auditory)  meatus,  1052 
external  carotid,  1006 
of  eyeball,  1024 
of  eyelids,  1046 
facial,  778,  975 
of  fingers,  928 

fifth  pair  of  cranial,  777,  962 
first  pair  of  cranial,  777,  959 
to  flexor  carpi  radialis,  928 
ulnaris,  926 
digit orum  longus,  949 
digitorum  profundus,  926 

sublimis,  928 
hallucis  longus,  949 
of  foot,  949 

fourth  pair  of  cranial,  778,  963 

to  genio-glossus,  989 

to  genio-hyoid,  989 

of  hand,  924,  926,  928,  929 

to  hyo-glossus,  989 

hypoglossal,  779,  987 

inferior  cardiac,  985 

haemorrhoidal,  956 

vesical,  956,  1018 
of  internal  ear,  1061 
of  iris,  1027 

lateral  cutaneous,  of  abdomen,  933 
of  leg,  948 

to  levator  scapula?,  915 

lingual,  1066 

long  ciliary,  966 

to  longus  capitis,  916 

colli,  916,  920 
lumbar,  909,  935 

of  lumbar  plexus,  composition  of,  935 
medial  calcaneal,  949 
middle  clunial,  910 

haemorrhoidal,  956 
naso-ciliary,  1044 

ninth  cranial  (glosso-pharyngeal),  778,980 

of  nose,  1070,  1073 

oculomotor,  777,  961 

olfactory,  777,  959 

optic,  777,  828,  959,  1040 

of  orbit,  1042,  1043 

to  palmaris  longus,  928 

phrenico-abdominal,  916 

of  pia  mater,  899 

to  piriformis,  946 

posterior  inferior  nasal,  974 

scrotal  (labial),  957 

superior  alveolar  (dental),  968 

thoracic,  919 
proper  plantar  digital,  952 
rudimentary  coccygeal,  901 
sacral,  910,  944 

of  sacral  plexus,  composition  of,  944 

to  scalene  muscles,  915,  920 

second  pair  of  cranial.  777,  828,  959,  1040 

to  semimembranosus,  948 

to  semitendinosus,  948 

seventh  pair  of  cranial,  778,  975 

short  ciliary,  972,  1044 

sixth  pair  of  cranial,  778,  974 

spinal,  901 

roots  of,  747,  758,  761 

accessory,  986 
subscapular,  920 
superior  alveolar,  967 

cardiac,  985 

clunial,  910 

haemorrhoidal,  1016 

laryngeal,  984 

vesical,  1017 


Nerves,  supra-acromial,  915 
supraclavicular,  915 
sympathetic,  of  orbit,  1044 
tenth  cranial  (vagus  or  pneumogastric),  778, 

982 
of  thigh,  938 

third  pair  of  cranial,  777,  961 
thoracic,  908,  931 
intercostal,  932 
thoracoabdominal,  933 

branches  of,  933 
to  tibialis  posterior,  949 
of  toes,  950,  954 
to  tongue,  1066 
to  trapezius,  915 
trigeminal,  778,  963 
trochlear,  777,  815,  962 
twelfth  cranial  (hypoglossus),  779,  987 
of  tympanic  cavity,  1056 
vaginal,  956 

volar  digital,  of  hand,  928 
Nerve-supply  of  blood-vessels  of  brain,  882 

cutaneous,  of  limbs,  993 
Nerve-trunk,  mixed,  902 

Nerve-trunks,  spinal,  primary  divisions  of,  904 
Nervi  cerebrales,  777 
Nervous  cell  element,  749 
coat  of  eye,  1028 
system,  747 

central,  749,  756 
connective  tissue  of,  753 
development  of,  753 
divisions  of,  749 

general  summary  of  some  of  the  principal 

paths  of  the  nervous  system,  869 
peripheral,  749,  899 
sympathetic,  749 
unit  of,  749 
Nervus  intermedius,  808 
Neural  crest  ,  753 
folds,  753 
groove,  753 
plate,  753 
tube,  753 

flexures  of,  779 
zones  of,  779 
Neuraxis,  750 
Neuroblasts,  755 
Neuro-fibrilke,  751 
Neuroglia,  753 
Neurone,  749 
processes  of,  750 
system  of  spinal  cord,  766 
Neurones  of  cerebral  path  for  cranial  nerves  ex- 
clusive of  those  of  special  sense,  871 
of  cerebro-spinal  path,  869 
Ninth  pair  of  cranial  nerves  (glosso-pharyn- 
geal), 778,  980 
branches,  981 
central  connections,  982 
course,  980 
ganglia,  980 
origin,  980 
thoracic  ganglia,  1008 
Nissl  bodies,  751 
Nodule  of  cerebellum,  791 
Non-medullated  axones,  751 
Nose,  1067 
alae  of,  1067 
arteries  of,  1070,  1073 
cartilages  of,  1068 
cartilaginous  septum,  1069 
concha?  of,  1071 
development  of,  1074 
external,  general  description  of,  1067 
fossae  of,  1070 
framework  of,  1067 
glands  of,  1072 


INDEX  TO  PART  III 


1099 


Nose,  lymphatics  of,  1070,  1073 

meatuses  of,  1071 

mucous  membrane  of,  1072 

muscles  of,  1070 

nares  of,  1070 

nerves  of,  1070,  1073 

olfactory  glands,  10/2 
organ  of,  1072 
region  of,  1072 

respiratory  region  of,  1072 

septum  of,  1070 

sinuses  connecting  with,  1072 

skin  of,  1070 

veins  of,  1070,  1073 

vestibule  of,  1071 

vibrissse  of,  1070 
Notch  of  cerebellum,  788 

preoccipital,  840 

temporal,  847 

tentorial,  888 
Nuclei,  accessory  olivary,  801 
•  of  acoustic  nerve,  805 

of  cerebellum,  787,  792 

of  cochlear  nerve,  806 

of  cranial  nerves  in  medulla  oblongata,  803 
of  origin  in  medulla  oblongata,  803 

of  trochlear  and  oculomotor  nerves,  814 
of  pontis,  793,  813 
red,  821 

of  sixth  nerve,  974 

termination  in  medulla  oblongata,  803 
of  thalamus,  824,  860 

of  third  pair  of  cranial  nerves  (oculo-motor 

nerves),  961 
trapezoidei,  807 
of  trigeminus  nerve,  808 
Nucleus  of  abducens  nerve,  808 
of  the  ala  cinerea,  806 
ambiguus,  805 
amygdalae,  858 

amygdaloid,  of  lateral  ventricle,  854 
arcuatus,  802 
caudate,  835,  857 
Deiters',  771 

dentate,  of  cerebellum,  792 
dorsal  efferent,  805 
dorsalis  (Clarke's  column),  762,  770 
of  Edinger  and  Westphal,  818 
emboliformis,  of  cerebellum,  792 
of  facial  nerve,  808 

fastigii  (roof  nucleus)  of  cerebellum,  792 
funiculi  cuneati  (nucleus  of  Burdach's  col- 
umn), 785,  799 
gracilis  (nucleus  of  Goll's  column).  785, 
799 

globosus  of  cerebellum,  792 
of  glosso-pharyngeus,  804 
habenular,  861 
of  hypoglossal  nerve,  803 
hypothalamic,  861 

incertus  of  floor  of  fourth  ventricle,  797 
of  inferior  colliculus,  819 

olivary,  of  medulla  oblongata,  783,  800 
intercalatus,  796 
of  lateral  lemniscus,  807,  820 
of  lens  of  eye,  1029 
lenticular,  856 
lentiformis,  857 

medialis  of  third  cranial  nerve,  961 
of  mesencephalic  root  of  trigeminus  nerve, 
810,  816 

of  oculomotor  or  third  nerve,  818 

connections  of,  819 
of  pars  intermedia,  808 
red,  of  cerebellum,  793 
of  spinal  accessory  nerve,  803 

tract,  810 
spinalis,  806 


Nucleus,  Stilling's,  762 

of  superior  colliculus,  821 
olivary,  8*07 

of  trochlear  or  fourth  nerve,  817 

of  vagus  or  pneumogastric,  804 

vestibularis,  805 
Nuhn,  glands  of,  1064 
Numbers  of  cranial  nerves,  957 

O 

Obex,  786,  795 
Oblique  fasciculus,  787 

muscle  of  eye,  inferior,  1036 
superior,  1035 
Obliquus  muscle  of  auricle  (of  ear),  1051 
Obturator  internus,  nerve  to,  946 
nerve,  941 

accessory,  943 
branches,  942 
course,  941 
origin,  941 
Occipital  border,  internal,  830 

branch  of  posterior  auricular  nerve,  977 

of  small  occipital  nerve,  913 
gyri,  lateral,  832 
lobe,  842 

calcarine  fissure,  843 
collateral  fissure,  843 
cuneus,  843 

fusiform   gyrus    (occipito-temporal  con- 
volution), 843 

lateral  gyri,  843 

lateral  sulcus  of,  843 

lingual  gyrus,  843 

parieto-occipital  fissure,  843 

sulci  cunei,  843 

superior  gyri,  843 

surfaces  of,  842 

transverse  sulcus,  842 
nerve,  greater,  908 

small,  912 

smallest,  908 
peduncle  of  thalamus,  861 
pole,  830 

portion  of  internal  capsule  (telencephalon), 
863 

Occipitofrontal  fasciculus,  868 

Occipito-mesencephalic  path  (Flechsig's  second- 
ary optic  radiation),  866 

Occipito-temporal  association  centre,  869 
convolution,  843 

Occipito-thalamic  (optic)  radiation.  864 

Ocular  conjunctiva,  1021 
muscles,  1034 

Oculomotor  nerves,  777,  818,  961 
emergence  of,  816 
sulcus,  816 

(Esophageal  branches  of  tenth  cranial  nerve, 
986 

of  thoracic  ganglia,  1009 
plexuses,  982,  983 
Olfactory  apparatus,  conduction  paths  of,  876 
area  of  cerebral  cortex,  869 
brain,  844 
bulb,  777,  844 

development  of,  845 

embryonal  layers  of,  845 

glomerular  layer,  845 

mitral  cells  of,  845 

olfactory  layer  of,  845 
glands,  1072 
gyrus,  lateral,  844 

medial,  845 
layer  of  olfactory  bulb,  845 
lobe,  844 

anterior  perforated  substance,  845 

olfactory  bulb,  844 
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Olfactory  lobe,  olfactory  tract,  844 
trigone,  844 
parolfactory  area,  845 
subcallosal  gyrus,  845 
nerve,  777,  959,  1073 
central  connections,  959 
origin,  959 
termination,  959 
nerve-fibres,  959 
organ,  1072 
region  of  nose,  1072 
stria,  intermediate,  845 
striae,  777,  844 
sulcus,  777 
tract,  777,  844,  S68 

development  of,  754,  845 
trigone,  777,  844 
tubercle,  777 
ventricle,  845 
Olivary  fasciculus,  770 
nuclei,  accessory,  801 
inferior,  783,  800 
superior,  808 
Olives  of  medulla  oblongata,  778 
Opening  of  maxillary  sinus  in  middle  nasal 
meatus,  1071 
of  naso-lachrymal  (nasal)  duct  in  inferior  nasal 
meatus,  1071 
Opercula  of  insula,  836 

Opercular  portion  of  inferior  frontal  gyrus,  838 
Operculum  proper,  836 

temporal,  834 
Ophthalmic  artery,  1042 
division  of  fifth  nerve,  1043 
nerve,  964 
branches,  964 
course,  964 
origin,  964 
veins,  1043 
Optic  apparatus,  conduction  paths  of,  875 
chiasm,  777,  826,  827,  828 
cup,  1028 
disk,  1022' 

nerve,  777,  828,  959,  1040 
blood-vessels,  1042 
central  connections,  961 
development,  753 
fibres,  959 

lamina  cribrosa  of,  1041 
lymph-spaces,  1040 
origin,  959 
portions,  960 
sheaths,  961,  1040 
papilla,  1022 

portion  of  hypothalamus,  826 

radiation,  864 

Flechsig's  secondary,  866 

recess,  827 

tracts,  777,  849 

vesicle,  secondary,  1028 
Optic-acoustic  reflex  path,  772,  820,  822 
Orbicularis  ciliaris,  1026 

palpebrarum,  1044 
Orbit,  blood-vessels  of,  1042 

fascia  of,  1037 

lymphatic  system  of,  1044 

muscle  of,  1034 

nerves  of,  1042,  1043 

sympathetic  nerves  of,  1044 
Orbital  area,  830 

border,  internal,  830 

branch  of  maxillary  nerve,  967 

branches  of  spheno-palatine  (Meckel's)  gan- 
glion, 973 

cavity,  1033 

gyri,  832,  838 

gyrus,  anterior,  838 
external,  838 


Orbital  gyrus,  internal,  838 
posterior,  838 
muscle  of  Muller,  1038 
operculum,  836 
periosteum,  1037 

portion  of  inferior  frontal  gyrus,  838 

sulci,  838 
Orbito-tarsal  ligament,  1038 
Order  of  medullation  of  the  fasciculi  of  spinal 

cord,  744 
Organ,  auditory,  1049 

gustatory,  1064 

of  Jacobson,  1070 

olfactory,  1072 

of  smell,  1067 

spiral  (organ  of  Corti),  1060 

of  taste,  1062 
Organs  of  special  sense,  1019 
Origin  of  accessory  obturator  nerve,  943 

of  ano-coccygeal  nerves,  957 

of  axillary  nerve,  921 

of  cochlear  nerve,  980 

of  chorda  tympani,  977 

of    common    peroneal   (external  popliteal) 
nerve,  952 

of  deep  peroneal  (anterior  tibial)  nerve,  954 
of  deep  radial  (posterior  interosseous)  nerve, 
922 

of  eighth  nerve  (acoustic  or  auditory),  979 
of  eleventh  cranial  nerve  (spinal  accessory), 
986 

of  external  carotid  nerves,  1006 
of  facial  (seventh)  nerve,  975 
of  femoral  (anterior  crural)  nerve,  938 
of  fifth  cranial  (trigeminal)  nerve,  963 
of  first  cranial  (olfactory)  nerve,  959 
of  fourth  pair  of  cranial  (trochlear)  nerves, 
962 

of  genito-femoral  (genito-crural)  nerve,  937 
of  glosso-pharyngeal  (ninth)  nerve,  980 
of  great  auricular  nerve,  913 

splanchnic  nerve,  1009 
of  gyri,  832 

of  hypoglossal  (twelfth)  nerve,  987 

of  ilio-hypogastric  nerve,  936 

of  ilio-inguinal  nerve,  936 

of  inferior  alveolar  (dental)  nerve,  970 

cardiac  nerve,  1007 

oblique  muscle  of  eye,  1034 
of  internal  carotid  nerve,  1005 
of  lateral  cutaneous  nerve,  938 

plantar  nerve,  951 
of  least  splanchnic  nerve,  1009 
of  lemnisci  (fillet),  798 
of  lesser  splanchnic  nerve,  1009 
of  levator  palpebrse  superioris,  1034 
of  maxillary  nerve,  966 
of  medial  plantar  nerve,  949 
of  median  nerve,  926 
of  middle  cardiac  nerve,  1007 
of  musculocutaneous  nerve,  924 
of  ninth  nerve  (glosso-pharyngeal),  980 
of  obturator  nerve,  941 
of  ocular  muscles;  1034 
of  olfactory  nerves,  959 
of  ophthalmic  nerve,  964 
of  optic  nerve,  959 
of  perineal  nerve,  956 

of  posterior  femoral  cutaneous  (small  sciatic) 

nerve,  945 
of  radial  (musculo-spiral)  nerve,  922 
of  recti  muscles  of  eye,  1034 
of  sciatic  nerve,  947 
of  second  cranial  (optic)  nerve,  959 
of  seventh  cranial  (facial)  nerve,  975 
of  sixth  pair  of  cranial  nerves  (abducens) , 

974 

of  small  occipital  nerve,  912 
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Origin  of  spinal  accessory  (eleventh)  nerve,  986 
of  spinal  nerves,  901 
of  sulci,  832 

of  superficial  cervical  cutaneous  nerve,  914 

peroneal  (musculo-cutaneous)  nerve,  954 

radial  nerve,  923 
of  superior  cardiac  nerve,  1006 

laryngeal  nerve,  984 

oblique  muscle  of  eye,  1034 
of  sural  (external  or  short  saphenous)  nerve, 

952 

of  sympathetic  system,  998 

of  tenth  nerve  (vagus  or  pneumogastric),  982 

of  third  pair  of  cranial  nerves  (oculo-motor 

nerves),  961 
of  thoracic  nerves,  931 
of  tibial  nerve,  948 
of  trochlear  (fourth)  nerve,  962 
of  twelfth  cranial  nerve  (hypoglossus),  987 
of  ulnar  nerve,  924 
Osseous  labyrinth,  1057 

part  of  tuba  auditiva  (Eustachian  tube),  1057 
portion    of    external    acoustic  (auditory) 
meatus,  1051 
Ossicles  of  ear,  1054 
articulations,  1054 
ligaments,  1055 
muscles,  1055 
Otic  (Arnold's)  ganglion,  974 
branches,  974 
roots,  974 
situation,  974 
Otoconia  (otoliths),  1059 
Otocyst,  1061 
Outer  canthus,  1019 

cord  of  brachial  plexus,  917 
fibrous  coat  of  eye,  1025 
palpebral  ligament  (raphe),  1046 
surface  of  cranial  arachnoid,  891 
dura  mater,  885 
pia  mater,  896 
Oval  bundle,  767 
Ovarian  plexuses  of  nerves,  1015 

P 

Pacchioni,  foramen  ovale  of,  888 
Pacchionian  bodies  (arachnoid  granulations), 
892 

Paired  subordinate  plexuses,  1015 
Pairs  of  cerebellar  peduncles,  792 

of  cerebro-spinal  nerves  901 

of  cranial  nerves,  959 

of  spinal  nerves,  901 
Palatine  nerve,  great  (anterior),  973 
middle  (external),  974 
posterior  (small),  974 
Pallium  of  cerebral  hemisphere,  832 
Palmar  cutaneous  branch  of  median  nerve,  928 

of  ulnar  nerve,  926 
Palmaris  longus,  nerves  to,  928 
Palpebral  aperture,  1019 

branches  of  infratrochlear  nerve,  966 
inferior,  of  maxillary  nerve,  968 

conjunctiva,  1020,  1046 

fascia,  1038 

fold,  inferior,  1020 
superior,  1020 

ligaments,  1019,  1046 
Papilla,  lachrymal,  1020 

optic,  1022 
Papillae  of  tongue,  1063 
Paracentral  lobule,  837,  842 
Parallel  sulcus',  834 
Para-medial  sulcus,  S37 
Parapyramidal  fissure  of  cerebellum,  790 
Parasinoidal  sinuses,  893 
Parietal  association  centre,  869 


Parietal  lobe,  777,  840 
angular  gyrus,  842 
inferior  parietal  lobule,  841 

postcentral  sulcus,  840 
interparietal  sulcus  (intra parietal),  840 
paracentral  lobule,  842 
parieto-occipital  arch',  841 
postcentral  sulcus,  840 
posterior  central  gyrus  (ascending  parietal), 

840 

post-parietal  gyrus,  842 

praecuneus,  842 

preoccipital  notch,  840 

superior  postcentral  sulcus,  840 

supramarginal  gyrus,  841 
lobule  inferior,  841 

(gyrus),  superior,  841 
peduncle  of  thalamus,  S61 
Parieto-occipital  arch,  841 

fissure,  843 
Parolfactory  area  (Broca's  area),  845 
sulci,  845 

Parotid  branches  of  auriculo-temporal  nerve,  97 1 

plexus  (pes  anserinus),  978 
Pars  ciliaris  retinae,  1028 

flaccida  (Shrapnell's  membrane),  1053 

intermedia,  976 

(nervus  intermedius),  nucleus  of,  808 

tensa,  1053 
Partitions  of  spinal  arachnoid,  893 
Parts  of  pons,  810 
Patellar  plexus,  938 
Paths,  auditory  conduction,  874 

cerebral,  for  cranial  nerves  exclusive  of  those 
of  special  sense,  871 

cerebro-spinal,  869 

conduction,  involving  cerebellum,  871 
of  olfactory  apparatus,  876 
of  optic  apparatus,  875 

frontal  pontile  (Arnold's  bundle),  814,  866 

occipito-mesencephalic,  866 

optic  acoustic  reflex,  772,  820,  822 

short  reflex,  of  cranial  nerves,  871 

of  spinal  cord,  short  reflex,  869 

temporal  pontile  (Turk's  bundle),  866 
Peduncle  of  corpus  callosum,  845 

of  flocculus,  790 

inferior  cerebellar,  778 

superior  cerebellar,  812 

of  superior  olive,  807 
Peduncles  of  cerebellum,  778,  792,  812 

of  cerebrum,  777,  815 

of  thalamus,  861 
Peduncular  arteries,  880 

tract,  transverse,  816 
Pedunculi  conarii,  826 
Pedunculo-mammillary  fasciculus,  849 
Pelvic  plexuses  of  nerves,  1016 

splanchnics,  1011 
Penis,  cavernous  nerves  of,  1018 

dorsal  nerve  of,  957 
Perforated  substance,  anterior,  827,  845 

posterior,  815,  823 
Perforating  cutaneous  nerve  of  thigh,  946 

nerve  of  Eisler,  greater  coccygeal,  946 
Pericardiac  branch  of  phrenic  nerve,  916 
Pericardial  branches  of  tenth  cranial  nerve,  986 
Perilymph,  1057 

Perilymphatic  duct  of  membranous  labyrinth, 
1061 

spaces  of  membranous  labyrinth,  1059 
Perineal  branches  of  posterior  femoral  cutaneous 
nerve,  946 
of  pudendal  plexus,  956 
nerve,  956 
branches,  956 
course,  956 
origin,  956 
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Periorbita,  1037 
Periosteum,  orbital,  1037 
Peripheral  arteries  of  medulla  oblongata,  881 
branches  of  thoracic  ganglia,  1009 
fibres  of  vestibular  ganglion,  980 
nervous  system,  749,  899 
Peroneal  nerve,  common,  952 
deep,  954 
superficial,  954 
Pes  anserinus,  97S 
hippocampi,  855 
pedunculi,  821 
Petit,  canal  of,  1029 
Petrosal  nerve,  external  superficial,  1006 
great  superficial,  976 
small  superficial,  981 
Petrous  ganglion,  981 

Pharyngeal  branches  of  ninth  nerve  (glosso- 
pharyngeal), 981 
of  tenth  cranial  nerve,  984 
groove,  1057 

ostium  of  tuba  auditiva,  1057 
plexus  of  nerves,  1006 
Phrenic   communicating   branch   of  brachial 

plexus,  919 
ganglion,  1015 
nerve,  916 

abnormal  course  of,  919 

branches  of,  916 

left,  916 

right,  916 

(diaphragmatic)  plexuses  of  nerves,  1015 
Phrenico-abdominal  branches  of  phrenic  nerve, 
916 

Physiological    investigation    of    fasciculi  of 

spinal  cord,  966 
Pia  mater,  894 
cranial,  895 
nerves  of,  899 
spinal,  757,  894' 
Pial  sheath  of  optic  nerve,  1040 
Pigment  of  iris,  1027 

retinal,  1028 
Pillars  of  fornix,  anterior,  849 

posterior,  847  - 
Pineal  body,  779,  814,  824 
Pinna,  1049 

cutaneous  areas  of,  991 
Piriformis,  nerves  to,  946 
Pituitary  body,  828 
membrane,  1072 
Plantar  cutaneous  branches  of  medial  plantar 
nerve,  950 

digital  branches,  proper,  of  medial  plantar 
nerve,  950 
nerves,  common,  951,  952 
proper,  952 
nerve  lateral,  951 
medial,  949 
Plate,  neural,  753 

Plexus,  cavernous,  of  nasal  conchae,  1072 
chorioid,  of  fourth  ventricle,  795,  896 

of  lateral  ventricle,  854,  898 

of  third  ventricle,  898 
chorioidea,  779 

myentericus  (plexus  of  Auerbach),  1016 
of  nerves,  1017 

abdominal  aortic,  1015 

anterior  gastric,  986 
pulmonary,  986 

of  Auerbach,  1016 

brachial,  905,  917 

cardiac,  1013 

cavernous,  1005 

cervical,  905,  911 

superficial  branches  of,  912 

of  clitoris,  cavernous,  1018 

coccygeal,  957 


Plexus  of  nerves,  coeliac,  1013,  1015 
common  carotid,  1006 
external  maxillary,  1006 
femoral,  1015 
hepatic,  1016 
iliac,  1015 
inferior  dental,  971 

gastric,  1015 

mesenteric,  1016 

thvreoid,  1007 
infra-orbital,  966,  968 
internal  carotid,  1005 

mammary,  1007 

maxillary,  1006 
lingual,  1006 
lumbar,  935 
lumbo-sacral,  905,  935 
of  Meissner,  1016 
meningeal,  1006 
middle  ha?morrhoidal,  1017 
parotid,  978 
patellar,  938 

of  penis,  cavernous,  1018 
pharyngeal.  1006 
popliteal,  1015 

posterior  cervical,  of  Cruveilhier,  908 
gastric,  986 

pulmonary,  982,  983,  986 
prostatic,  1018 
pudendal,  956 
sacral,  944 
splenic  (lienal),  1016 
subsartorial,  941 
subtrapezial,  915 
superior  dental,  968 

gastric  (coronary),  1015 

hsemorrhoidal,  1016 

mesenteric,  1016 

thyreoid,  1006 
tympanic,  981 
utero- vaginalis,  1018 
vertebral,  1007 
submucosus  (plexus  of  Meissner),  1016 
Plexuses  of  nerves,  classes  of,  935 
coronary,  1013 
deferential,  1018 
great  prevertebral,  1011 
hypogastric,  1016 
oesophageal,  982,  983 
ovarian,  1015 
paired  subordinate,  1015 
pelvic,  1016 

phrenic  (diaphragmatic),  1015 
prevertebral,  1000 
renal,  1015 
spermatic,  1015 
suprarenal,  1015 
unpaired  subordinate,  1015 
venous,  of  nose,  1073 
Plica  incudis,  1056 

lachrymalis  (Hasneri),  1071 
semilunaris,  1020 
Plic»  of  tympanic  membrane,  1052 
Pneumogastric  nerve,  778,  982 

nucleus  of,  804 
Point,  Sylvian,  835 
Poles  of  brain,  776 

of  cerebral  hemispheres,  830 
of  lens  of  eve,  1028 
of  eyeball,  1023 
Pons  (Varolii),  777,  786,  810 
arteries  of,  880 
basilar  sulcus  of,  787 
blood-vessels  of,  880 

brachia  conjunctiva   (superior  cerebellar 

peduncles),  812 
dorsal  surface  of,  787 
fibres  of,  800,  810 
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Pons  (Varolii),  grey  substance  of,  813 
internal  structure  of,  797,  810 
lemniscus  (fillet)  in,  811 
length  of,  787 
margins  of,  787 
oblique  fasciculus,  787 
parts  of,  810 
proper,  813 

pyramidal  fasciculi  of,  810 
restiform  body,  811 
reticular  formation  of,  800 
size  of,  786 
sulci  of,  787 
tegmentum  of,  810 
veins  of,  881 
Pontile  path,  frontal,  814,  866 

temporal  (Turk's  bundle),  814,  866 
Pontine  arteries,  880 

flexure  of  neural  tube,  779 
sulci,  787 
Popliteal  nerve,  external,  952 
internal,  948 
plexus  of  nerves,  1015 
Popliteus,  nerve  to,  949 
Portio  major,  808,  964 

minor,  808,  964 
Portions  of  anterior  pillars  of  fornix,  849 
of  brachial  plexus,  919 
of  cardiac  plexus,  1013 

of  eleventh  cranial  (spinal  accessory)  nerve, 
986 

of  inferior  frontal  gyrus,  838 

of  floor  of  fourth  ventricle,  795 

of  fourth  ventricle,  795 

of  internal  capsule  (telencephalon),  863 

of  mandibular  nerves,  969 

of  optic  nerve,  960 

of  rhinencephalon,  844 

of  spinal  cord,  758 

of  sulcus  cinguli    (calloso-marginal  fissure), 
838 

of  sympathetic  trunk,  1003 
Postcentral  sulcus,  inferior,  840 

superior,  840 
Posterior  ampullar  branch  of  vestibular  gan- 
glion, 980 
auricular  nerve,  977 

sulcus,  1050 
brachial    (internal)    cutaneous    branch  of 

radial  nerve,  922 
branch  of  internal  cutaneous  nerve  of  thigh, 
941 

of  lateral  cutaneous  nerve,  938 

of  medial  antibrachial  (internal)  cutaneous 

nerve,  920 
of  obturator  nerve,  942 
of  right  phrenic  nerve,  916 
of   spheno-palatine  (Meckel's)  ganglion, 

974 

bronchial   (pulmonary)   branches  of  tenth 

cranial  nerve,  986 
central  gyrus  (ascending  parietal) ,  840 

vein  of  spinal  cord,  775 
cerebellar  notch,  788 
cervical  plexus  of  Cruveilhier,  908 
ciliary  arteries,  long,  1031 

short,  1031 
commissure  of  cerebrum,  815 
cord  of  brachial  plexus,  918 
(left)  coronary  plexus,  1013 
cornu  of  lateral  ventricle,  853 
bulb  of,  854 

hippocampus  minor  of,  854 

inner  wall,  854 
cuneo-lingual  gyrus,  843 
cutaneous  branch  of  ulnar  nerve,  926 
deep  temporal  nerve,  969 
divisions  of  lumbar  nerves,  936 


Posterior  elastic  lamina  of  cornea  (membrane 
of  Descemet),  1026 

ethmoidal  (spheno-ethmoidal)  branch  of  naso- 
ciliary (nasal)  nerve,  966 

femoral  cutaneous  (small  sciatic)  nerve,  945 
branches,  946 
course,  945 
origin,  945 

funiculus  of  spinal  cord,  761,  767 

gastric  plexus,  986 

hemisphere  of  eyeball,  1024 

inferior  nasal  nerves,  974 

interosseous  (deep  radial)  nerve,  922  . 

ligament  of  auricle  (of  ear),  1051 

longitudinal  bundle,  800 
fasciculus,  822 

lymph  spaces  of  eyeball,  1033 

median  fissure  of  medulla  oblongata,  785 
(sulcus)  of  spinal  cord,  761 

medullary  velum,  790,  795 

nucleus  of  thalamus,  824 

oesophageal  plexus,  982 

orbital  gyrus,  838 

(small)  palatine  nerve,  974 

parolfactory  sulcus,  845 

perforated  substance,  777,  815,  823 

pillars  (crura)  of  fornix,  847 

pole  of  eyeball,  1023 

portion  of  mandibular  nerve,  969 

primary  division  (ramus  posterior)  of  spinal 
nerve-trunk,  904,  907 

pulmonary  plexus,  982,  983,  986 

ramus  of  fissure  of  Sylvius,  835 

recess  of  interpeduncular  fossa,  815 

scrotal  (labial)  nerves,  957 

semilunar  fissure  of  cerebellum,  788 
lobe  of  cerebellum,  788 

spinal  arteries,  775 

superior  alveolar  (dental)  nerves,  968 

supra-clavicular  branches  of  cervical  plexus, 
915 

terminal    branch    of    lateral  antibrachial 

cutaneous  nerve,  924 
thoracic  nerves,  919 
white  commissure  of  spinal  cord,  762 
Postero-inferior  lobe  of  cerebellum,  789 
Postero-intermediate  sulcus  of  spinal  cord,  761 
Postero-lateral  central  or  ganglionic  arteries, 
880 

sulcus  of  spinal  cord,  761 
Postero-medial  central  or  ganglionic  arteries, 
880 

Postero-superior  lobe  of  cerebellum,  788 
Postlimbic  fissure,  842 
Post-nodular  fissure  of  cerebellum,  791 
Post-parietal  gyrus,  842 
Post-pyramidal  fissure  of  cerebellum,  790 
Pouch  of  Prussak,  1056 
Pouches  of  Troltsch,  1056 
Precuneus  (quadrate  lobe),  842 
Precentral  gyri,  837 

sulcus,  837 
Preoccipital  notch,  840 
Prepyramidal  fissure  of  cerebellum,  790 
Prevertebral  plexuses,  1000,  1011 
Primary  divisions  of  spinal  nerve-trunk,  904 
anterior,  910 
posterior,  907 

vesicles,  753 
Processes,  750 

ciliary,  1026 

of  neurones,  cellifugal,  750 
cellipetal,  750 

Projection  fibres  of  white  substance  of  telen- 
cephalon, 863 

Pronator  teres,  nerve  to,  928 

Proper  plantar  digital  branches  of  medial  plan- 
tar nerve,  950 
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Proper  plantar  digital  nerves,  952 

volar  digital  branch  of  ulnar  nerve,  926 
nerves  of  hand,  928 
Prosencephalon  (fore-brain j,  823 

external  features  of,  823 

internal  structure  of,  856 
Prostatic  plexus  of  nerves,  1018 
Prussak,  pouch  of,  1056 
Psalterium,  hippocampal,  848 
Pudendal  nerve,  long,  946 

plexus,  956 

nerves  forming,  956 
Pudic  nerve,  956 

Pulmonary  branches  of  tenth  cranial  nerve,  985 
of  thoracic  ganglion,  1009 
plexus  anterior,  986 
posterior,  982,  983,  986 
Pulvinar  of  cerebrum,  824,  859 
Puncta  lachrymalia,  1020,  1047 
Pupil,  1021 
Pupillary  zone,  1022 
Purkinje  cells,  791 
Putamen,  857 
Pyramid  of  vermis,  790 
Pyramidal  fasciculi,  865 
of  pons,  810 
fibres  to  nuclei  of  origin  of  motor  cranial 

nerves,  865 
tract,  anterior  or  direct,  771 
crossed,  769 
Pyramids  of  medulla  oblongata,  769,  778,  782 
decussation  of,  797,  782 
structure  of,  797 


Q 

Quadrangular  lobe  of  cerebellum,  788 
Quadrate  lobe,  842 
Quadratus  femoris,  nerve  to,  946 
Quadrigeminate  arteries,  880 
bodv,  inferior,  819 
superior,  807,  821 


R 

Radial  (musculo-spiral)  nerve,  922 
branches,  922 
course,  922 
origin,  922 
deep,  922 
superficial,  923 
Radiate  fibrous  layer  of  tympanic  membrane, 
1053 

Radiation  of  corpus  callosum,  831,  866 
Flechsig's  secondary  optic,  866 
occipito-thalamic  (optic),  864 
Radicular  veins,  775,  882 
Rami  communicantes,  906,  1001 

of  lumbar  portion  of  sympathetic  system, 
♦  1010 

of  sacral  portion  of  sympathetic  system, 
1010 

of  thoracic  portion  of  sympathetic  system, 
1008 

of  fissure  of  Sylvius,  835 
isthmi  faucium,  970 
linguales,  989 
of  nerves,  756 
of  postcentral  sulcus,  840 
Ramus  anterior,  904 
colli,  979 

communicans,  904 
grey,  906 

of  interparietal  sulcus,  840 
of  meninges,  904 
posterior,  904 
white,  906 
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Range  of  variation  in  composition  of  nerves  of 
lumbar  plexus,  935 
of  pudendal  plexus,  956 
of  sacral  plexus,  944 
Raphe  of  medulla  oblongata,  799 

outer  palpebral,  1046 
Recess,  epitympanic,  1053 
infundibular,  827 
optic,  827 

spheno-ethmoidal,  1071 

suprapineal,  826 
Recesses  of  interpeduncular  fossa,  815 

lateral,  of  fourth  ventricle,  795 

of  tympanic  mucous  membrane,  1056 
Rectum,  nerves  of,  956 
Rectus  capitis  anterior,  nerve  to,  915 
lateralis,  nerve  to,  916 

femoris,  nerve  to,  941 
Recurrent  articular  nerve,  of  leg,  954 

branch  of  spinal  nerve-trunks,  904,  907 
of  tenth  nerve,  984 

laryngeal  nerve  (inferior),  985 

meningeal  branch  of  maxillary  nerve,  967 
of  ophthalmic  nerve,  964 

sensibility,  nerves  causing,  907 
Red  nuclei,  793,  821 
Reflex  activities,  767 

arcs,  767 

fundus  oculi,  1022 
path,  optic  acoustic,  772,  820,  822 
Regions  of  nose,  1072 

Reid's  table  of  topography  of  attachment  of 

spinal  nerves,  903 
Reil,  island  of,  777 

circular  sulcus  of,  836 
Reissner,  membrane  of,  1061 
Relations  of  brachial  plexus,  918 

of  brain  to  walls  of  cranial  cavity,  876 

of  cervical  and  thoracic  nerves  to  branches 
of  brachial  plexus,  930 

of  external  acoustic  (auditory)  meatus,  1051 

of  lingual  nerve,  969 

of  lumbar  and  sacral  nerves  to  branches  of 
lumbar  and  sacral  plexuses  and  to  pudic 
nerve,  955 
of  mandibular  nerve,  969 
of  muscles  of  lower  extremity  to  nerves  of 
lumbar  and  sacral  plexuses,  955 
of  upper  extremity  to  cervical  nerves,  930 
of  spinal  nerves  to  meninges,  902 
of  Tenon's  capsule  to  oblique  muscles,  1040 
Relative  size  of  roots  of  spinal  nerves,  902 

of  spinal  nerves,  934  • 
Renal  branches  of  tenth  cranial  nerve,  986 
ganglia,  1015 
plexuses  of  nerves,  1015 
Respiratory  nerve  of  Bell,  external,  919 

region  of  nose,  1072 
Restiform  body,  778,  784 
fibres  of,  812 

in  medulla  oblongata,  793 
in  pons,  811 
Reticular  formation  of  medulla  oblongata,  800 
of  pons,  800 
of  spinal  cord,  763 
Retina,  proper,  1028 
Retinal  arteries,  1031 
pigment,  1028 
vein,  1031 
Retrotonsillar  fissure  of  cerebellum,  790 
Retzius,  area  postrema,  796 
Rhinencephalon,  832,  844 
alveolus  of  limbic  lobe,  847 
anterior  cerebral  commissure  in,  850 

perforated  substance,  845 
corpus  mammillare  of  limbic  lobe,  849 
fifth  ventricle  (cavity  of  septum  pellucidum), 
850 
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Rhinencephalon,  fissura  serotina,  845 
fornix  of  limbic  lobe,  847 
gyrus  cinguli  (eingulum),  846 

fornicatus,  846 
hippocampal  commissure,  848 
hippocampus  major,  847 

minor  (calcar  avis),  847 
lateral  olfactory  gyrus,  844 
limbic  lobe,  844,  845 
medial  olfactory  gyrus,  845 
olfactory  bulb,  844 

lobe,  844 

strife,  844 

tract,  844 

trigone,  844 

ventricle,  845 
parolfactory  area  (Broca's  area),  845 

sulci,  845 

pedunculo-mammillary  fasciculus,  849 
portions  of,  844 
septum  pellucidum;  850 

subcallosal  gyrus  (peduncle  of  corpus  cal- 
losum),  845 

thalamo-mammillary  fasciculus   (bundle  of 
Vicq  d'Azyr),  849 

Verga's  ventricle,  848 
Rhombencephalon,  753,  779,  782 
Rhomboid  fossa,  779 

muscles,  nerves  to,  919 
Right  coronary  plexus,  1013 

phrenic  nerve,  916 

posterior  pulmonary  plexus,  982 

vagus  nerve,  982 
Rolandic  angle,  839 
Rolando,  fissure  of,  837,  839 

gelatinous  substance  of,  762 
Roof  of  anterior  portion  of  fourth  ventricle,  794 

of  inferior  cornu  of  lateral  ventricle,  854 
portion  of  fourth  ventricle,  795 

of  middle  portion  of  fourth  ventricle,  795 

nucleus  of  cerebellum,  792 

of  posterior  cornu  of  lateral  ventricle,  853 
Root  of  ciliary  ganglion,  long,  966 

filaments  of  spinal  nerves,  761 

of  nose,  1067 

short,  of  ciliary  ganglion,  962 
zone,  anterior,  of  posterior  column,  768 
middle,  767 
septomarginal,  767 
Roots  of  Arnold's  or  otic  ganglion,  974 
of  ciliary  ganglion,  972 

of  fifth  cranial  (trigeminal)  nerves,  808,  964 

of  optic  tracts,  829 

of  seventh  or  facial  nerve,  975 

of  spheno-palatine  (Meckel's)  ganglion,  972 

of  spinal  nerves,  747,  758,  901 

relative  size  of,  902 
of  submaxillary  ganglion,  974 
Rostral  lamina  of  corpus  callosum,  831 
sulci,  838 

Rostrum  of  corpus  callosum,  777,  831,  866 
Rotation  of  cornea,  1037 

of  eye,  principal  axes  of,  1036 
Rudimentary  coccygeal  nerves,  901 

S 

Sac,  conjunctival,  1021 
endolymphatic,  1058 
lachrymal,  1048 
Saccular  branch  of  vestibular  ganglion,  980 
Saccule  of  membranous  labyrinth,  1058 
Sacral  nerves,  910,  944 
plexus,  944 

branches  of,  945 
composition  of  nerves  of,  944 
situation  of,  944 
portion  of  spinal  cord,  758 
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Sacral  portion  of  sympathetic  system,  1010 
branches,  1010 
construction,  1011 
ganglia,  1010 
Sagittal  axis  of  eyeball,  1023 
Santorini.  incisures  of,  1051 
Saphenous  nerve,  941 
Scala  media,  1059 
tympani,  1061 
vestibuli,  1061" 
Scalene  muscles,  nerves  of,  915,  920 
Scalp,  cutaneous  areas  of,  989 
Scapha  of  auricle  of  ear,  1050 

eminence  of,  1050 
Scapular  nerve,  dorsal,  919 
Scarpa,  ganglion  of,  979 
Schlemm,  canal  of,  1025 
Schneiderian  membrane,  1072 
Schwalbe,  nucleus  of,  805 

septum  posticum  of,  893 
Sciatic  nerve  (n.  ischiadicus),  947 
branches,  948 
course,  947 
origin,  947 
small,  945 
Scleral  sulcus,  1021 
Sclerotic,  1025 
Scrotal  nerves,  anterior,  937 

posterior,  957 
Sebaceous  glands  of  auricle  (of  ear),  1050 
Second  cervical  nerve,  anterior  primary  divi- 
sion of,  911 
posterior  primary  division  of,  908 
common  volar  digital  nerve,  of  hand,  929 
pair  of  cranial  nerves  (optic  nerves),  959 
thoracic  ganglion,  1008 
nerve,  931 
Secondary  flocculus  of  cerebellum,  790 
optic  radiation,  Flechsig's,  S66 

vesicle,  1028 
tympanic  membrane,  1061 
Semicircular  canals,  1057 

ducts    (membranous    semicircular  canals), 
1059 

Semilunar  fissures  of  cerebellum,  788 
fold  of  conjunctiva,  1023 
ganglia,  1014 

(Gasserian)  ganglion,  80S,  963 
lobe  of  cerebellum,  anterior,  788 
inferior,  789 
posterior,  788 
superior,  788 
Semimembranosus,  nerves  to,  948 
Semitendinosus,  nerves  to,  945 
Sense,  organs  of  special,  1019 
Sensoiy  fibres  of  ninth  nerve  (glosso-pharvn- 
geal),  981 
of  tenth  cranial  nerve,  986 
nerves  of  orbit  ,  1043 

pathways  of  head,  neck,  and  body,  termina- 
tion of,  864 
root  (pars  intermedia  or  nerve  of  Wrisberg) 
of  seventh  (facial)  nerve,  976 
of  spheno-palatine  (Meckel's)  ganglion,  973 
of  trigeminus  nerve,  808,  964 
Sensory-motor  area  of  cerebral  cortex,  868 
Septal  nasal  cartilage,  1069 
Septomarginal  root  zone  (oral  bundle),  767 
Septum,  lingual,  1064 
nasal,  1070 
pellucidum,  850 
cavity  of,  850 
lamina?  of,  850 
posticum  of  Schwajbe   (subarachnoid  sep- 
tum), 893 
Sesamoid  nasal  cartilage,  1069 
Seventh  cranial  nerve  (facial),  77S.  975 
branches,  976 
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Seventh  cranial  nerve  (facial),  central  connec- 
tions, 979 
communications,  976 
course,  975 
roots,  975 
Shape  of  eyeball,  1023 

of  lateral  ventricles,  851 
Sheaths  of  optic  nerve,  961,  1040 
Short  ciliary  nerves,  972,  1044 
posterior  ciliary  arteries,  1031 
reflex  paths  of  cranial  nerves,  871 

of  spinal  cord,  869 
root  of  ciliary  ganglion,  962 
saphenous  nerve,  952 
subscapular  nerve,  920 
Shrapnell's  membrane,  1053 
Single  cerebral  vein,  897 
Sinuses  connecting  with  nose,  1072 
cranial  venous,  889 
parasinoidal,  893 
venous,  of  sclera,  1025 
Situation  of  brachial  plexus,  917 
of  cardiac  plexus  of  nerves,  1013 
of  cervical  plexus,  911 
of  coeliac  (semilunar)  ganglia,  1014 

plexus  of  nerves,  1014 
of  ganglion  nodosum,  984 
of  jugular  ganglion,  983 

of  inferior  cervical  ganglion  of  sympathetic, 
1007 

of  inferior,  petrous,  or  Andersch's  ganglion, 
981 

of  lumbar  plexus,  935 

of  middle  cervical  ganglion  of  sympathetic, 
1006 

of  otic  (Arnold's)  ganglion,  974 
of  sacral  plexus,  944 
of  submaxillary  ganglion,  974 
of  superior  cervical  ganglion,  1005 
of  superior,  jugular,  or  Ehrenritter's  gan- 
glion, 980 

of  thoracic  portion  of  sympathetic  system, 
1008 

of  vestibular  ganglion,  979 
Sixth  cranial  nerve,  778,  974,  1043 
branches,  975 
central  connections,  S75 
course,  974 
ganglia,  974 
nuclei,  974 
Size  of  foramen  of  Monro,  852 
of  pons,  786 

relative,  of  spinal  nerves,  904 
roots  of,  902 
Skin  of  auricle  (of  ear),  1050 
distribution  of  nerves  to,  989 
of  external  acoustic  (auditory)  meatus,  1051 
of  nose,  1070 
Skull,  relations  of  brain  to,  876 
Small  cavernous  nerve  of  penis,  1018 
occipital  nerve,  912 
branches  of,  913 
course  of,  913 
origin,  912 
palatine  nerve,  974 
sciatic  nerve,  945 
superficial  petrosal  nerve,  981 
Smallest  occipital  nerve,  908 
Smell,  organ  of,  1067 
Soleus,  nerve  to,  949 
Solitary  tract,  805 

Somsesthetic  (sensory-motor)  area  of  cerebral 

cortex,  868 
Space,  interfascial  (Tenon's),  1041 
Spaces  of  Fontana,  1026 

lymphatic,  of  eyeball,  1032 

of  spinal  cord,  758 
Special  sense,  organs  of,  1019 


Specific  gravity  of  brain,  776 
Spermatic  branch,  external,  of  genito-femoral 
nerve,  938 
plexus  of  nerves,  1015 
Spheno-ethmoidal  branch  of  naso-ciliary  (nasal) 
nerve,  966 
recess,  1071 

Spheno-palatine  branches  of  maxillary  nerve, 
967 

(Meckel's)  ganglion,  972 
branches,  973 
roots,  972 
Sphincter  pupillae  (iridis),  1027 
Spinal  accessory  nerve,  778,  986 
nucleus  of,  803 
arachnoid,  893 

denticulate  ligaments,  S93 
septum  posticum  of  Schwalbe  (sub-arach- 
noid septum),  893 
artery,  anterior,  775 

posterior,  775 
cord,  756 

anterior  central  vein  of,  775 
funiculus  (column),  771 
marginal  fasciculus  of,  771 
(direct)  pyramidal  tract,  771 
arachnoid  of,  758 
arteries  of,  775 

axones  of  grey  substance  of,  763 

of  white  substance  of,  766 
blood  supply  of,  775 
Burdach's  column  of,  767 
central  canal  of,  762 
cerebello-spinal  fasciculus,  770 
Clarke's  column,  770 
columna  anterior,  762 

lateralis,  763 

posterior,  762 
comma-shaped  fasciculus  of,  767 
commissural  bundle,  772 
cornu-commissural  tract  of,  769 
crossed  pyramidal  tract  of,  769 
direct  cerebello-spinal  fasciculus  of,  770 
dorsal  fasciculus  proprius,  76S 
dura  mater  of,  758 
enlargements  of,  758 
external  morphology  of,  757 
fasciculi,  evidence  regarding,  766 

proprii  of,  768 
fasciculus  cuneatus  of,  767 

gracilis,  767 
fibres  of,  766 
fissures  of,  761 
funiculi  of,  761,  767 
gelatinous  substances  of,  762 
general  neurone  systems  of,  766 
Goll's  column,  767 
Gowers'  tract  of,  770 
grey  commissure  of,  762 
ground  bundles  of,  766,  768 
groups  of  cells  of,  763 
Helweg's  (Bechterew's)  bundle,  770 
horns  of  grey  substance  of,  762 
intermediate  fasciculus,  771 
internal  structure  of,  761 
lateral  cerebro-spinal  fasciculus,  769 

fasciculus  proprius,  769 

funiculus  (column),  769 
Lissauer's  marginal  zone  of,  769 
Loewenthal's  tract  of,  771 
mixed  lateral  zone  of,  771 
nucleus  dorsalis  (Clarke's  column),  770 
olivary  fasciculus,  770 
order  of  medullation  of  fasciculi  of,  774 
pia  mater  of,  757 
portions  of,  758 
posterior  central  vein,  775 
pyramids  of,  769 
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Spinal  cord,  radicular  veins  of,  775 
reticular  formation,  763 
subarachnoid  space  of,  758 
subdural  space,  758 
sulci  of,  761 

sulco-marginal  fasciculus  of,  772 
summary  of,  772 

superficial  ventro-lateral  fasciculus,  770 
surface  of,  760 
terminal  ventricle,  762 
veins  of,  775 

ventral  cerebro-spinal  fasciculus,  771 

fasciculus  proprius,  771,  772 
vestibulo-spinal  tract  of,  771 
white  commissures  of,  762,  763 
substance  of,  761 
dura  mater,  882 

subdural  cavity,  885 
ganglia,  aberrant,  902 

neurones  of,  756 
nerve  trunks,  anterior  primary  divisions, 
905,  910 

meningeal  (recurrent)  branch  of,  907 
posterior  primary  divisions,  907 
rami  communicantes,  906 
nerves,  901 

aberrant  ganglia,  902 

areas  of  distribution  of,  907 

attachment  of,  901 

branches  of,  901 

cauda  equina,  903 

course  of,  903 

direction  of  emergence,  903 

fibres  of,  747 

fila  radicularia  of,  901 

ganglion  of,  901 

origin  of,  901 

relation  to  meninges,  902 

relative  size  of,  904 

root  filaments  of,  761 

roots  of,  758,  901 

relative  size  of,  902 
topography  of  attachment  of,  903 
visceral  branches  of,  907,  910 
pia  mater,  894 

filum  terminale,  895 

layers  of,  894 

ligamentum  denticulatum,  895 
linea  splendens,  895 
(inferior)  portion  of  eleventh  cranial  nerve, 
986 

tract,  nucleus  of,  810 
of  trigeminus  nerve,  810 

veins,  775 
Spine  of  helix,  1050 
Spinous  (recurrent)  nerve,  969 
Spiral  ganglion  of  cochlea,  806,  980 

ligament  of  cochlea,  1060 

organ  (organ  of  Corti),  1060 
Splanchnic  fibres,  afferent,  906,  1001 
efferent,  906,  1001 

ganglion,  1009 

nerve,  great,  1009 
least,  1009 
lesser,  1009 
Splanchnics,  pelvic,  1011 
Splenic  branches  of  tenth  cranial  nerve,  986 

(lienal)  plexus  of  nerves,  1016 
Splenium  of  corpus  callosum,  778,  831,  866 
Spongioblasts,  755 
Spot,  yellow,  1022 

Stapedial  fold  of  tympanic  mucous  membrane, 

1056 
Stapedius,  1055 

muscle,  nerve  to,  977 
Stapes,  1054 

Stellate  cells  of  cerebellar  cortex,  791 
figures  of  lens  of  eye,  1029 


Stem  of  fissure  of  Sylvius,  835 
Stern o-mastoid,  nerve  to,  915 
Stilling's  nucleus,  762 
Stratum  album  medium,  822 
profundum,  822 
cinereum,  822 

opticum  (stratum  album  medium),  822 

zonale,  768,  819,  821,  S24,  859 
Streeter,  nucleus  incertus  of,  797 
Stria,  intermediate  olfactory,  845 

lateral  longitudinal,  of  corpus  callosum,  831 

medial  longitudinal,  of  corpus  callosum,  831 

terminalis  (taenia  semicircularis),  824,  859 
Striae  acusticse,  797 

longitudinal,  of  corpus  callosum,  867 
of  hippocampus,  847 

medullares  acustici,  784,  806 
of  thalami,  825 

olfactory,  777,  844 

pineales,  825 

terminalis  of  thalamus,  868 

transverse,  of  corpus  callosum,  831 
Striate  arteries,  external,  897 

internal,  879 
Stripes  of  Baillarger,  856 
Stroma  of  iris,  1027 
Structure  of  aqueous  humor,  1030 

of  auricle  of  ear,  1050 

of  cerebral  cortex,  856 

of  chorioid,  1026 

of  ciliary  body,  1026 

of  cornea,  1025 

of  crystalline  lens,  1028 

of  external  acoustic  (auditory)  meatus,  1051 

of  eyelids,  1044 

of  hypophysis  cerebri,  828 

internal,  of  cerebellum,  791 
of  medulla  oblongata,  797 
of  mesencephalon,  816 
of  pons,  797,  810 
of  prosencephalon,  856 

of  iris,  1026 

of  retina,  1028 

of  sclerotic,  1025 

of  spinal  cord,  internal,  761 

of  tongue,  1064 

of  tympanic  membrane,  1053 

of  vitreous  humor,  1029 

of  white  substance  of  spinal  cord,  765 
Structures  forming  floor  of  lateral  ventricles,  853 
Stylo-glossus,  nerve  to,  989 
Stylo-hyoid  muscle,  nerve  to,  977 
Subarachnoid  cavity,  882 

cisternse,  892 

septum,  893 

space  of  optic  nerve,  1040 
of  spinal  cord,  758 

Subcallosal  gyrus   (peduncle  of  corpus  cal- 
losum), 845 

Subcapsular  epithelium  of  lens  of  eye,  1029 

Subclavian  nerve,  919 

Subcrureus,  nerve  to,  941 

Subdivisions  of  sympathetic  system,  1002 

Subdural  cavity,  758,  882,  885,  887,  891 
space  of  optic  nerve,  1040 

Subfrontal  portion  of  sulcus  cinguli,  838 

Sublingual  caruncle,  1063 
fold,  1063 
nerve,  970 

Submarginal  gyrus,  838 

Submaxillary  ganglion,  974 
branches,  974 
roots,  974 
situation,  974 

Suboccipital  nerve,  posterior  primary  division 
of,  907 

Subordinate  plexuses  of  nerves,  paired,  1015 
unpaired,  1015 
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Subparietal  sulcus  (postlimbic  fissure),  842 
Subsartorial  plexus,  941 
Subscapular  nerves,  920 
Substance,  anterior  perforated,  827,  845 
central  grey,  of  mesencephalon,  816 
gelatinous,  central,  of  spinal  cord,  762 

of  Rolando,  762 
grey,  of  pons,  813 
of  spinal  cord,  762 
of  telencephalon,  856 
posterior,  perforated,  815,  823 
white,  of  spinal  cord,  761,  763 
of  telencephalon,  862 
Substantia  grisea  centralis,  802 
nigra.  816,  821 

reticularis  alba  (Arnoldi),  847 
Subtrapezial  plexus,  915 
Sudoriferous  glands  of  auricle,  1050 
Sulci  of  auricle,  1050 

of  brain,  777 

breves,  837 

of  cerebellum,  787 

of  cerebrum,  777,  832 

cunei,  843 

of  floor  of  fourth  ventricle,  796 
of  frontal  lobe,  837 
orbital,  838 
origin  of,  832 
parolfactory,  845 
pontine,  787 
rostral,  838 
of  spinal  cord,  761 
of  telencephalon,  833 
of  tongue,  1063 
transverse  temporal,  835 
Sulco-marginal  fasciculus,  772 
Sulcus,  ampullary,  1059 
basilar,  of  pons,  787 
central  (fissure  of  Rolando),  836,  839 
cinguli  (calloso-marginal  fissure),  837,  838 
circular,  836 
of  crus  of  helix,  1050 
diagonal,  838 
fimbrio-dentate,  847 
fronto-marginal,  838 
hypothalamic,  826 
inferior  frontal,  838 

postcentral,  840 
interparietal  (intraparietal),  840 
lateral,  of  mesencephalon,  815 

occipital,  843 
limiting,  of  Reil,  836 
middle  frontal,  S37 

temporal,  835 
of  Monro,  826 
oculomotor,  816 
olfactory,  777,  1071 
parallel,  834 
para-medial,  837 
postcentral,  840 
posterior  auricular,  1050 
precentral,  837 
scleral,  1021 
subparietal,  842 
superior  frontal,  837 

postcentral,  840 

temporal,  834 
transverse  occipital,  S42 
Summary  of  spinal  cord,  772 

of  principal  conduction  paths  of  nervous 

system,  869 
Superciliary  border,  830 

Superficial  attachments  of  cranial  nerves,  959 
branches  of  cervical  plexus,  912 

of  lateral  plantar  nerve,  952 
cervical  cutaneous  nerve  (transverse  cervi- 
cal), 914 
branches,  915 


Superficial  cervical  cutaneous  nerve  (transverse 
cervical),  course,  914 
origin,  914 
fibres  of  pons,  810 
origins  of  cranial  nerves,  959 
part  of  cardiac  plexus,  1013 
peroneal  (musculo-cutaneous)  nerve,  954 

branches,  954 

course,  954 

origin,  954 
petrosal  nerve,  external,  1006 

great,  976 

small,  981 
radial  (radial)  nerve,  923 

branches,  924 

course,  923 

origin,  923 

temporal    branches    of  auriculotemporal 
nerve,  972 

terminal  branches  of  femoral  nerve,  938 

ventro-lateral  fasciculus  (Gowers'  tract),  770 

volar  branch  of  ulnar  nerve,  926 
Superior  ampullar  branch  of  vestibular  gan- 
glion, 980 

alveolar  dental  nerves,  967,  968 

branch  of  third  cranial  (oculo-motor)  nerve, 
962 

cardiac  nerves,  985 
cerebellar  notch,  788 

peduncles,  812 
cervical  cardiac  nerve,  1006 
ganglion  of  sympathetic,  1005 

branches,  1006 

communications,  1005 

situation,  1005 
clunial  nerves,  910 
colliculi,  814,  821 

dental  branches  of  superior  dental  plexus, 
968 

plexus,  968 
division  of  axillary  (circumflex)  nerve,  921 
fovea,  floor  of  fourth  ventricle,  797 
frontal  gyrus,  837 

sulcus,  837 
(jugular  or  Ehrenritter's)  ganglion,  980 
gastric  (coronary)  plexus  of  nerves,  1015 
genu  of  central  sulcus  (fissure  of  Rolando), 

839 

gingival  branches  of  superior  dental  plexus, 
968 

gluteal  nerve,  946 
hsemorrhoidal  nerves,  1016 

plexus  of  nerves,  1016 
labial  branches  of  maxillary  nerve,  968 
laryngeal  nerve,  984 
branches,  985 
course,  984 
origin,  984 
ligament  of  auricle  (of  ear),  1051 
longitudinal  fasciculus,  867 
margin  of  pons,  787 
mesenteric  ganglion,  1015,  1016 

plexus  of  nerves,  1016 
nasal  meatus,  1071 
nucleus  of  vestibular  nerve,  805 
oblique  muscle  of  eye,  1035 
occipital  gyri,  843 
olivary  nucleus,  807 
olive,  peduncle  of,  807 
ophthalmic  vein,  1043 
palpebral  fold,  1020 
parietal  lobule  (gyrus),  841 
peduncle  of  cerebellum,  793 
pontine  sulcus,  787 
portion  of  eleventh  cranial  nerve,  986 

of.  floor  of  fourth  ventricle,  796 
postcentral  sulcus,  840 
quadrigeminate  body,  807,  821 
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Superior  semilunar  (postero-superior)  lobe  of 
cerebellum,  788 

tarsal  muscle,  1035 

temporal  gyrus,  834 
sulcus,  834 

thyreoid  plexus  of  nerves,  1006 

vermis  of  cerebellum,  788 

vesical  nerves,  1017 
Supra-acromial  nerves,  915 
Supracallosal  gyrus,  847 

Supraclavicular  branches  of  cervical  plexus,  915 
nerves,  915 

portion  of  brachial  plexus,  branches  of,  919 
Supramandibular    branch    of  cervico-facial 

nerve,  979 
Supramarginal  gyrus,  841 

Supramesial  border  of  cerebral  hemisphere,  830 
Supraorbital  nerve,  965,  1043 
Suprapineal  recess,  826 
Suprarenal  plexuses  of  nerves,  1015 
Suprascapular  nerve,  919 
Suprasternal  branches  of  cervical  plexus,  915 
Supratragic  tubercle,  1049 
Supratrochlear  branch  of  frontal  nerve,  965 
nerve,  1043 

Supravaginal  lymph  space  of  optic  nerve,  1040 
Sural  (external  or  short  saphenous)  nerve,  952 
branches,  953 
course,  952 
origin,  952 
cutaneous  nerve,  lateral,  952 
medial,  949 
Surface  area  of  telencephalon,  833 
ventral,  of  mesencephalon,  815 
view  of  eye,  1019 
Surfaces  of  arachnoid,  891 
of  brain,  776 
of  cerebellum,  788 
of  cerebral  hemispheres,  830 
of  cranial  dura  mater,  885 

pia  mater,  896 
of  diencephalon,  823 
of  mesencephalon,  814 
of  occipital  lobe,  842 
of  spinal  cord,  760 
dura  mater,  882 
of  tongue,  1062 
Suspensory  ligament  of  eyeball,  1039 

of  lens  of  eye,  1029 
Sylvian  fossa,  834 

point,  835 
Sylvius,  aqueduct  of,  794,  814 

fissure  of,  777,  830,  835 
Sympathetic  fibres,  907,  998 
ganglia,  1003 
nerves  of  orbit,  1044 

root  of  spheno-palatine  (Meckel's)  ganglion, 
973 

system,  749,  899,  998 

communications,  1001 

construction  of,  1000 

divisions  of,  1002 

ganglia  of,  1000 

lumbar  portion,  1010 

origin  of,  998 

portions  of,  1003 

sacral  portion  of,  1010 

thoracic  portion  of,  1008 
trunks,  1003 
System,  cerebro-spinal,  899 
of  fibres,  commissural,  866 
lymphatic,  of  eyeball,  1032 

of  orbit,  1044 
nervous,  747 

central,  749 

peripheral,  749,  899 

sympathetic,  749,  899,  998 
Systems,  neurone,  of  spinal  cord,  766 


T 

Table  showing  relations  of  cervical  and  thoracic 
nerves  to  branches  of  brachial  plexus, 
930 

of  lumbar  and  sacral  nerves  to  branches 
of  lumbar  and  sacral  plexuses  and  to 
pudic  nerve,  955 
of  muscles  of  lower  extremity  to  nerves 

of  lumbar  and  sacral  plexuses,  955 
of  muscles  of  upper  extremity  to  cervi- 
cal nerves,  930 
of   topography    of   attachment    of  spinal 
nerves  (Reid),  903 
Taenia  chorioidea,  824 
fimbria3,  847,  855 
pontis,  816 

semicircularis,  824,  868 

ventriculi  quarti,  795 
Taenia?  fornicis,  847 
Tail  of  caudate  nucleus,  855 
Tangential  layer  of  fibres  of  cortex,  856 
Tapetum  of  posterior  cornu  of  lateral  ventricle, 

853 

Tarsal  cartilage,  1020,  1045 

(Meibomian)  glands,  1020 

muscles,  1035,  1046 
Tarsus  of  eyelids,  1020,  1045 
Taste,  organ  of,  1062 
Taste-buds,  1064 
Tegmen  tympani,  1053 

Tegmental  (superior)  wall  of  tympanic  cavity, 
1053 

Tegmentum  of  pons,  810 
Tela  chorioidea,  779,  795,  896,  897 
Telencephalon,  753,  823,  826 
angular  gyrus,  842 

anterior  central  gyrus  (ascending  frontal  con- 
volution), 837 

commissure,  866 

orbital  gyrus,  838 
association  fibres,  866 
Broca's  convolution,  838 
calcarine  fissure,  843 
central  lobe,  836 

sulcus  (Rolandi),  836,  837 
centrum  semiovale,  862 
cingulum,  867 

circular  sulcus  (limiting  sulcus  of  Reil),  836 

collateral  fissure  of,  835,  843 

commissural  system  of  fibres,  866 

corona  radiata,  863 

corpus  callosum,  866 

external  capsule,  864 
orbital  gyrus,  838 

fissures  of,  833 

frontal  lobe,  837 

pontile  path  (Arnold's  bundle),  866 

fusiform  gyrus  (occipitotemporal  convolu- 
tion), 835,  843 

gyri  breves  (precentral  gyri),  837 

gyrus  longus,  837 
rectus,  838 

transitions  (deep  annectant  gyrus),  843 
hippocampal  commissure,  866 
inferior  frontal  gyrus,  838 
sulcus,  838 

longitudinal  fasciculus,  867 

parietal  lobule,  841 

temporal  gyrus,  835 
internal  capsule,  863 

orbital  gyrus,  838 
interparietal  (intraparietal),  840 
lateral  fissure  (fissure  of  Sylvius),  835 

occipital  sulcus,  843 

ventricles  of,  851 
lingual  gyrus,  835,  843 
lobes  of,  833 
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Telencephalon,  marginal  gyrus,  838 

middle  frontal  gyrus,  837 
sulcus,  837 
temporal  gyrus,  834 
sulcus,  835 

occipital  gyri,  843 
lobe,  842 

occipito-frontal  fasciculus,  868 

occipito-mesencephalic  path  (Flechsig's  sec- 
ondary optic  radiation),  866 

occipito-thalamic  (optic)  radiation,  864 

operculum  of  insula,  836 

paracentral  lobule,  837,  842 

parietal  lobe,  840 

parieto-occipital  arch,  841 
fissure,  843 

postcentral  sulcus,  840 

posterior  central  gyrus  (ascending  parietal), 
840 

orbital  gyrus,  838 
post-parietal  gyrus,  842 
precuneus,  842 
precentral  sulcus,  837 
preoccipital  notch,  840 
P3rramidal  fasciculi,  865 

fibres  to  nuclei  of  origin  of  motor  cranial 
nerves,  865 
submarginal  gyrus,  838 
sulci  of,  833 

breves,  837 
sulcus  cinguli,  837,  838 
superior  frontal  gyrus,  837 
sulcus,  837 

longitudinal  fasciculus,  867 

parietal  lobule  (gyrus),  841 

temporal  gyrus,  834 
sulcus,  834 
supramarginal  gyrus,  841 
surface  area  of,  833 
temporal  lobe  of,  834 

operculum,  834 

pontile  path  (Turk's  bundle),  866 
transverse  occipital  sulcus,  842 
temporal  gyri,  835 
sulci,  835 
uncinate  fasciculus,  867 
white  substance  of,  862 
Telodendria  of  axones,  750,  751 
Temporal  branches,  superficial,  of  auriculo- 
temporal nerve,  972 
of  maxillary  nerve,  967 
of  temporo-facial  nerve,  978 
gyri,  transverse,  835 
gyrus,  inferior,  835 
middle,  834 
superior,  834 
lobe  of  cerebrum,  834 

opercula  of,  834 
nerves,  deep,  969 
notch,  847 
operculum,  834,  836 
pole,  830 

pontile  path  (Turk's  path),  814,  866 
sulci,  transverse,  835 
sulcus,  middle,  835 
superior,  834 
Temporo-facial  nerve,  978 

Temporo-malar  branch  of  maxillary  nerve,  967 
Tendo  oculi,  1019,  1046 
Tenon's  capsule,  1040 

space,  1040 
Tensor  tympani,  1055 

Tenth  pair  of  cranial  nerves  (vagus  or  pneumo- 
gastric),  778,  982 
branches,  982,  984 
central  connections,  986 
communications,  984 
course,  982 


Tenth  pair  of  cranial  nerves  (vagus  or  pneumo- 
gastric),  ganglia,  983 
origin,  982 
Tentorial  area,  830 

(recurrent  meningeal)  branch  of  ophthalmic 

nerve,  964 
notch,  888 

surface  of  occipital  lobe,  843 
Tentorium  cerebelli,  787,  887 
Terminal  arteries  of  encephalon,  879 
ascending  cerebellar  pathway,  864 
branches  of  anterior  division  of  obturator 
nerve,  942 
of  brachial  plexus,  921 
of  cavernous  plexus  of  nerves,  1005 
of  deep  peroneal  (anterior  tibial)  nerve, 
954 

of  femoral  nerve,  938,  941 
of  inner  cord  of  brachial  plexus,  924 
of  lumbar  plexus,  936 
of  maxillary  nerve,  968 
of  naso-ciliary  (nasal)  nerve,  966 
of  ophthalmic  nerve,  964 
of  outer  cord  of  brachial  plexus,  924 
of  pudendal  plexus,  956 
of  radial  (musculo-spiral)  nerve,  922 
of  tenth  nerve  (vagus  or  pneumogastric), 
984 

of  twelfth  cranial  nerve,  988 
divisions  of  seventh  (facial)  nerve,  978 
incisure  (auricle),  1050 
part  of  auditory  pathway,  864 

of  general  sensory  pathway  of  body,  864 

of  head  and  neck,  864 
of  visual  pathway,  864 
ventricle  of  spinal  cord,  762 
Thalamencephalon,  823 
Thalami,  823,  824,  859 
nuclei  of,  824 
striae  medullares,  825 
Thalamo-mammillary   fasciculus    (bundle  of 

Vicq  d'Azyr),  849,  860 
Thalamus,  823,  824,  859 
anterior  tubercle  of,  859 
cortical  connections  of,  861 
medullary  lamina  of,  860 
nuclei  of,  824,  860 
peduncles  of,  861 
pulvinar  of,  859 
stratum  zonale,  859 
stria  terminalis  of,  858 
Thigh  nerves,  938 

cutaneous,  938 
Third  cervical  nerve,  anterior  primary  division, 
911 

posterior  primary  division  of,  908 
common  volar  digital  nerve,  of  hand,  929 
division  of  trigeminus,  938 
pair  of  cranial  nerves  (oculo-motor),  961, 
1043 
branches,  962 
central  connections,  962 
course,  962 
nuclei,  818,  961 
thoracic  ganglion,  1008 
ventricle  of  brain,  826 
chorioid  plexuses,  898 
tela  choroidea  of,  897 
Thoracic  cardiac  branches  of  tenth  cranial 
nerve,  985 
ganglia,  1008 
intercostal  nerves,  932 
nerves,  908,  919,  931 
branches  of,  932 
course,  931 
divisions  of,  905 

entering  into  brachial  plexus,  917 
external  anterior,  920 
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Thoracic  nerves,  first,  931 
internal  anterior,  920 
last,  933 
long,  919 
posterior,  919 
primary  divisions  of,  931 
second,  931 
portion  of  spinal  cord,  758 
of  sympathetic  system,  1008 
branches,  1009 
communications,  1008 
construction,  100J 
ganglia,  1008 
situation,  1008 
Thoraco-abdominal  nerves,  933 
Thoraco-dorsal  (middle  or  long)  subscapular 

nerve,  920 
Thyreo-hyoid  muscle,  nerve  to,  989 
Thyreoid  plexus  of  nerves,  inferior,  1007 

superior,  1006 
Tibial  communicating  nerve,  949 
nerve  (internal  popliteal),  948 
branches,  948,  949 
course,  948 
origin,  948 
anterior,  954 
Tibialis  anterior,  nerve  to,  954 

posterior,  nerves  to,  949 
Tigroid  masses,  751 

Tissue,  connective,  of  nervous  system,  753 
Toes,  nerves  of,  950,  954 
Tongue,  1062 

arteries  of,  1066 

development  of,  1066 

follicles  of,  1064 

frenulum,  1063 

glands  of,  1064 

lymphatics  of,  1066 

mucous  membrane  of,  1063 

muscles  of,  1064 

nerves  of,  1066 

papillae,  1063 

structure  of,  1064 

surfaces  of,  1062 

taste-buds  of,  1064 

veins  of,  1066 
Tonsil  (amygdala)  of  cerebellum,  790 

lingual,  1064 
Tonsillar   branches   of   ninth   nerve  (glosso- 
pharyngeal), 981 
Topographical  relations  of  cerebral  gyri  to 

walls  of  cranial  cavity,  877 
Topography  of  attachment  of  spinal  nerves,  903 

general,  of  brain,  776 
Tract,  anterior  or  direct  pyramidal,  771 

cornu-commissural,  769 

crossed  pyramidal,  769 

Gowers',  770,  812 

Loewenthal's,  771 

olfactory,  777,  844,  868 

optic,  777,  829 

solitary,  805 

spinal,  nucleus  of,  810 
of  trigeminus  nerve,  810 

transverse  peduncular,  816 

uveal,  1026 

vestibulo-spinal,  771 
Tragicus,  1051 
Tragus,  1049 

Transverse  branch  of  cervical  plexus,  914 
cervical  nerve,  914 
fissure  of  cerebrum,  830 
occipital  sulcus,  842 
peduncular  tract,  816 
striae  of  corpus  callosum,  831 
sulcus  of  anthelix,  1050 
temporal  gyri,  835 
temporal  sulci,  835 


Transversus  auriculae,  1051 

linguae,  1066 
Trapezius,  nerves  to,  915 
Triangle,  median  (spinal  cord),  768 
Triangular  fossa  of  auricle,  1050 

portion  of  inferior  frontal  gyrus,  838 
Triceps,  nerves  to,  922 
Trigeminus  nerve,  787,  808,  963 
axones  of,  810 
nuclei  of,  808,  816 
roots  of,  808 
spinal  tract  of,  810 
Trigone,  collateral,  of  lateral  ventricle,  854 

olfactory,  777,  844 
Trochlea,  1036 
Trochlear  nerve,  777,  962 
emergence  of,  815,  817 
nucleus  of,  817 
Troltsch,  pouches  of,  1056 
True  hypoglossal  branches  of  twelfth  cranial 

nerve,  989 
Trunk,  cutaneous  areas  of,  991 
lumbo-sacral,  943 
of  seventh  (facial)  nerve,  975 
Trunks,  sympathetic,  1003 
Tuba  auditiva  (Eustachian  tube),  1054,  1057 
Tubal  branch  from  tympanic  plexus,  981 
Tube,  Eustachian,  1054,  1057 
neural,  753 

flexures  of,  779 
zones  of,  779 
Tuber  cinereum,  777,  827 
vermis,  790 

Tubercle,  amygdaloid,  of  lateral  ventricle,  854 

auricular  (tubercle  of  Darwin),  1050 

cuneate,  799 

olfactory,  777 

supratragic,  1049 
Tubercles  of  thalamus,  859 
Tuberculum  acusticum,  797,  806 

cuneatum,  785 
Turk's  bundle,  866 

Twelfth  pair  of  cranial  nerves  (hypoglossus), 
779,  987 
branches,  988 
central  connections,  989 
course,  987 
origin,  987 

Tympanic  branch  of  petrous  ganglion,  981 
cavity,  arteries,  1056 

nerves,  1056 

veins,  1056 

walls  of,  1053 
cellulae,  1053 
membrane,  1052 

secondary,  1061 

structure  of,  1053 
mucous  membranes,  1055 
ostium  of  tuba  auditiva,  1057 
plexus,  981 
Tympano-stapedial  syndosmosis,  1055 

U 

Ulnar  anastomotic  branch  of  superficial  radial 
nerve,  924 
collateral  nerve,  922 
nerve,  924 
branches,  926 

of  posterior  medial  antibrachial  (inter- 
nal) cutaneous  nerve,  920 
course,  924 
origin,  924 
Umbo  of  tympanic  membrane,  1052 
Uncinate  fasciculus,  867 
Uncus,  847 

Unit  of  nervous  system,  749 

Unpaired  subordinate  plexuses  of  nerves,  1015 
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Upper  branches  of  common  peroneal  (external 
popliteal)  nerve,  952 
of  superior  gluteal  nerve,  946 
extremity,  cutaneous  areas  of,  994 
eyelid,  1020 

(short)  subscapular  nerve,  920 
Utero-vaginal  plexus  of  nerves,  1018 
Utricle,  1057 

Utricular  branch  of  vestibular  ganglion,  980 

Utriculosaccular  duct,  1058 

Uveal  tract,  1026 

Uvula  of  vermis,  790 

Uvular  lobe  of  cerebellum,  791 

V 

Vaginal  nerves,  956 

Vagus  (pneumogastric),  778,  982 

nucleus  of,  804 
Valentine,  ganglion  of,  968 
Vallate  (circumvallate)  papillae  of  tongue,  1064 
Vallecula  cerebelli,  790 

Sylvii,  835 

Van  Gehuchten,  nucleus  intercalates  of,  796 
Variation  in  composition  of  nerves  of  pudendal 
plexus,  956 

in  composition  of  nerves  of  sacral  plexus,  944 
Variations  of  auricle,  1051 
Vascular  coat  of  eye,  1026 

duplications  of  cranial  pia  mater,  896 
Vascularity  of  pia  mater,  896 
Vastus  intermedius  (crureus),  nerve  to,  941 

lateralis,  nerve  to,  941 

medialis,  nerve  to,  941 
Veins,  anterior  ciliary,  1032 

of  auricle  (of  ear),  1051 

of  cerebellum,  880 

of  encephalon,  879 

emissary,  889 

of  external  acoustic  (auditory)  meatus,  1052 

of  eye,  1032 

of  Galen,  880 

of  internal  ear,  1061 

lingual,  1066 

meningeal,  891 

of  medulla  oblongata,  881 

of  mesencephalon,  880 

of  nose,  1070,  1073 

of  orbit,  1043 

of  pons,  881 

radicular,  775 

single  cerebral,  897 

spinal,  775 

of  spinal  cord,  775 

of  tympanic  cavity,  1056 

vermian,  880 
Velum,  anterior  medullary,  789,  793,  795 

interpositum,  779,  826,  897 

posterior  medullary,  790,  795 
Vena  centralis  retina?,  1031 

cerebri  magna,  897 
Venae  comites,  meningeal,  891 

vorticosae,  1032 
Venous  lacuna?,  of  dura,  890 

sinus  of  sclera,  1025 

sinuses,  cranial,  889 

system  of  spinal  cord,  775 
Ventral  aspect  of  medulla  oblongata,  782 

cerebro-spinal  fasciculus  (anterior  or  direct 
pyramidal  tract),  771 

external  spinal  veins,  775 

fasciculus  proprius,  771,  772 

funiculus  of  spinal  cord,  767 

group  of  cells  of  spinal  cord,  763 

horn  proper  of  spinal  cord,  762,  763 

nucleus  of  cochlear  nerve,  806 

part  of  pons,  810 

root  of  spinal  nerves,  747,  758,  901 


Ventral  surface  of  cerebellum,  789 
of  mesencephalon,  815 

zone  of  neural  tube,  779 
Ventricle,  fourth,  anatomy  of,  779,  794 

lateral,  of  cerebral  hemisphere,  832,  851 

olfactory,  845 

terminal,  of  spinal  cord,  762 

third,  of  brain,  826 

Verga's,  848 
Ventricles  of  brain,  development  of,  754 
Ventro-lateral  fasciculus,  superficial,  770 
Verga's  ventricle,  848 
Vermian  veins,  880 
Vermis  of  cerebellum,  779,  787 

furrowed  bands  of  uvula  of,  790 

inferior,  789,  790 

pyramid  of,  790 

superior,  788 

tuber,  790 

uvula  of,  790 
Vertebral  branches  of  thoracic  ganglia,  1009 

plexus  of  nerves,  1007 
Verticalis  lingua?,  1066 
Vesical  nerves,  inferior,  956,  1018 
superior,  1017 

plexus  of  nerves,  1017 
Vesicle,  secondary  optic,  1028 
Vesicles,  primary,  753 
Vestibular  caecum,  1060 

fenestra,  1054 

ganglion  (ganglion  of  Scarpa),  805,  979 
branches,  980 
central  connections,  980 
situation,  979 
membrane  (membrane  of  Reissner),  1061 
nerve,  979 
nuclei  of,  805 
Vestibule,  1057 
of  nose,  1071 
Vestibulo-spinal  tract  ,  771 
Vibrissa?,  1070 
Vicq  d'Azyr,  bundle  of,  849 
Vidian  nerve  (n.  canalis  pterygoidei),  973 
Visceral  branches  of  pudendal  plexus,  956 
of  sacral  nerves,  1011 

plexus,  945 
of  spinal  nerves,  910 
divisions  of  spinal  nerves,  907 
Visual  area  of  cerebral  cortex,  868 

pathway,  termination  of,  864 
Vitreous  humor  of  eye,  1029 

lamina  of  chorioid,  1026 
Volar  (anterior)  branch  of  medial  antibrachial 
(internal)  cutaneous  nerve,  920 
of  ulnar  nerve,  926 
digital  branches  of  ulnar  nerve,  926 

nerves,  of  hand,  928 
(anterior)  interosseous  nerve,  928 
Vomero-nasal  cartilage,  1069 
organ  (organ  of  Jacobson),  1070 


W 

Waldeyer's  glands,  1046 

Walls  of  cranial  cavity,  relation  of  brain  to,  876 

of  lateral  ventricle,  852 

of  nasal  fossae,  1070 

of  tympanic  cavity,  1053 
Wax,  ear,  1052 
Weight  of  brain,  776 

of  cerebellum,  787 

of  medulla  oblongata,  782 

of  spinal  cord,  576 
White  commissures  of  spinal  cord,  762 

ramus  communicans,  906,  1001,  1008,  1010 

substance  of  spinal  cord,  761,  763 
of  telencephalon,  862 
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Wrisberg,  ganglion  of,  1013 
nerve  of,  920,  976 

Y 

Yellow  spot  (macula  lutea),  1022 


Z 

Zeiss's  glands,  1046 
Zinn,  ligament  of,  1034 
Zone,  greater  or  ciliary,  1022 
lesser  or  pupillary,  1022 
marginal,  of  Lissauer,  769 
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Zone,  middle  root,  767 

mixed  lateral,  771 

septomarginal  root,  767 
Zones  of  neural  tube,  779 
Zonula  ciliaris,  1029 

Zygomatic  branches  (orbital  or  temporo-malar) 
of  maxillary  nerve,  967 
(malar)  of  temporo-facial  nerve,  978 
nerve,  1044 

Zygomatico-facial  (malar)  branch  of  maxillary 
nerve,  967 

Zygomatico-temporal    (temporal)   branch  of 
maxillary  nerve,  967 


